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Recombinant coccidtosis vaccines 

Coccidiosts is a disease of poultry caused by intracellular protozoan parasites of the genus Eimeria. 
The disease is endemic in large, intensive poultry breeding establishnnents and the estimated cost of 
control of the disease through chemotherapy exceeds SI 00 million each year in the United States of 
America alone. The development of resistance to the anti-coccldiai drugs necessitates a continuing 
s development of new agents, at a time when drug development is becoming increasingly expensive and 
consumer acceptance of drug residues in food animals is diminishing. 

Protective immunity to natural coccidiosis infection has been welt documented. Controlled, daily 
administration of small numbers of viable oocysts for several weeks has been shown to result in complete 
immunity to a challenge infection of a normally virulent dose [Rose et al., Parasitology 73:25 (1976); Rose 

to et a!., Parasitology 88:199 (1984)]. The demonstration of acquired resistance to infection suggests the 
possibility of constructing a vaccine to indue© immunity in young chickens, circumventing the need for 
chemical coccldiostats. In fact, such a concept has been tested In the Coccivac® formulation of Sterwin 
Laboratories, Opelika. Alabama, U.SA 

With a view to producing a coccidiosis vaccine, Murray et al., European Patent Application, Publication 

15 No. 167.443, prepared extracts from sporozoites or sponjiated oocysts of Eimeria tenelta which contain at 
least 15 polypeptides, many of which were associated with the surface of the sporozoite. Injection of these 
extracts into chickens reduced cecal lesions following oral inoculation with virulent E. teneila sporulated 
oocysts. More recently, Schenkel et al.. U.S. Patent No. 4,650.676, disclosed the production of monoclonal 
antibodies against E. teneila merozoites. Using these antibodies, Schenkel et al. identified a number of 

20 antigens against which the antibodies were directed. By pre-incubating E. teneila sporozoites with these 
antibodies and then introducing the treated sporozoites into the ceca of chickens, Schenkel et al. were able 
to show some reduction in cecal lesion scores, compared to untreated sporozoite controls. 

Advances in recombinant DNA technology have made another approach available, viz. subunit vaccines. 
In the application of current recombinant DNA procedures, specific DNA sequences are inserted into an 

25 appropriate DNA vehicle, or vector, to form recombinant DNA molecules that can replicate in host cells. 
Circular double-stranded DNA molecules called plasmfds are frequently used as vectors, and the prepara- 
tion of such recombinant DNA forms entails the use of restriction endonuclease enzymes that can cleave 
DNA at specific base sequence sites. Once cuts have been made by a restriction enzyme in a plasmid and 
in the segment of -foreign DNA that is to be Inserted, the two DNA molecules may be covalently linked by 

30 an enzyme known as a ligase. General methods for the preparaNon of such recombinant DNA molecules 
have been described by Cohen et al. [U.S. Patent No. 4.237,224], Collins et a!. [U.S. Patent No. 4.304.863] 
and Maniatis et al. [Molecular Cloning: A Laboratory Manual. 1982, Cold Spring Harbor Laboratory]. 
Because they illustrate much of the state of the art. these references are hereby incorporated by reference. 
Once prepared, recombinant DNA molecules can tie used to produce the product specified by the 

35 inserted gene sequence only if a number of conditions are met. Foremost is the requirement that the 
recombinant molecule be compatible with, and thus capable of autonomous replication in the host cell. 
Much recent work has utilized Escherichia coli as a host organism, because it is compatible with a wide 
range of recombinant plasmids. Depending upon the vector/host cell system used, the recombinant DNA 
molecule is introduced into the host by transformation, transduction or transfection. 

40 Detection of the presence of recombinant plasmids in host cells may be conveniently achieved tiirough 
the use of plasmid marker activities, such as antibiotic resistance. Thus, a host bearing a plasmid coding for 
the production of an ampicillin-degrading enzyme could be selected from unaltered cells by growing the 
host in a medium containing ampicillin. Further advantage may be taken of antibiotic resistance markers 
where a plasmid codes for a second antibiotic-degrading activity at a site where the selected restriction 

45 endonuclease makes its cut and the foreign gene sequence is Inserted. Host cells containing properly 
recombinant plasmids will then be characterized by resistance to the first antibiotic but sensitivity to the 
second. 

The mere insertion of a recombinant plasmid into a host cell and the isolation of the modified host will 
not in itself assure that significant amounts of the desired gene product will be produced. For this to occur, 
50 the foreign gene sequence must be fused in proper relationship to a signal region in the plasmid for DNA 
transcription called a promoter. Alternatively, the foreign DNA may carry its own promoter, as long as It is 
recognized by the host Whatever its origin, the promoter is a DNA sequence that directs the binding of 
RNA polymerase and therefore "promotes" the transaiptlon of DNA to messenger RNA (mRNA). 

Given strong promotion that can provide large quantities of mRNA, the ultimate production of the 
desired gene product will be dependent upon the effectiveness of translation from mRNA to protein. This, in 
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turn is dependent upon the efficiency of ribosomai binding to the mRNA. In E. coli. the nbosome-bindmg 
site on mRNA includes an initiation codon (AUG) and an upstream Shine-Dalgarno (SD) sequence. This 
sequence containing 3-9 nucleotides and located 3-1 1 nucleotides from the AUG codon. is complementary 
to the 3' end of E. coli 16S ribosomai RNA (rRNA) [Shine and Dalgarno, Nature 254:34 (1975)1. Apparently. 
5 ribosomai binding to, mRNA is facilitated by base pairing between the SD sequence in the mRNA and the 
sequence at the 16S rRNA 3' end. For a review on maximizing gene expression, see Roberts and Lauer. 
Methods in Enzymology 68:473 (1979). 

An alternative expreiiion system has been developed based on the lacz operon rn comb.naton with 
lambda phage vectors (Huynh at al.. in DNA Cloning: Volume I. D.M. Glover. Ed.). In this system, the 
to structural gene for ;3-ga!actosidase along with the inducible promoter controlling its expression have been 
engineered into the phage vector. A unique cloning site at the 3 end of the gene for ^galactos.dase results 
in a gene fusion upon the insertion of a cDNA copy of an mRNA or a genomic DNA fragment containing a 
protein-coding region. , t 

Expression of the j3-gaiactosidase gene results in the production of a fusion protein containing 114 kd of 
a-galactosidase and a carboxy terminal polypeptide encoded by the cDNA Insert, provided that the insert 
contains an open reading frame in the same register as the reading frame for ^-galactosidase. A phage 
containing a gene whose product is recognized by a monoclonal or a . polyclonal antiserum can thus be 
identified by immunologic screening of the library following induction of expression of the fusion protein 
using ^-D-thiogaiactopyranoside (IPTG) to inactivate the lacZ repressor. This expression vector system 
combines the efficiency of the phage system in packaging DNA and introducing it into E. coll cells with an 
increased stability of polypeptide fusions with i9-galactosidase. ^ ^ . 

In the vaccine subunit approach, a subunit of the whole infectious organism is delivered to the host 
animal in an immunologically relevant context The subunit might be a protein purified from the parasite, a 
recombinant protein or protein fragment expressed in a heterologous system, a synthetic peptide compns- 
ing a single neutralizing determinant or a protein introduced by a viral vector such as vaccinia. The host 
immune system mounts a specific response to the subunit without ever being exposed to the whole 
parasite Upon challenge with a vimlent dose of the infectious organism, the host immune system mounts a 
successful defense, instmcted only by the vaccine subunit to which it had been previously exposed. 

Evidence can be found in the literature for the involvement of circulating antibodies, secretory IgA in the 
intestinal epithelium [Davis et al.. Immunology 34:879 (1978)1. and the cell-mediated immune system 
[Qiambroni et al.. Poultry Science 59:38 (1980)] in acquired resistance to coccidiosis. For a review, see P.S. 
Davis in Avian Immunology, M.E.Rbse. Ed.. British Poultry Science. Ltd., Edenberg, pp. 361-385 (1981). 
The probable involvement of various arms of the immune system means that complete and iastng 
protection may necessitate the ability to mimic specific aspects of the natural infectious process. These 
aspects include local exposure at the site where protection is desired, evocation of an inflammatory 
response to marshall antigen processing ceils, presentation of an appropriate parasite antigen and possibly 
associaUon with MHC determinants In a particular membrane configuration. 

This invention provides purified proteins or fragments thereof having one or more immunoreactive 
and/or antigenic determinants of an Eimeria surface antigen. 

More particularly, this invention provides proteins having one or more immunoreactive and/or antigenic 
determinants of an Eimeria surface antigen, which surface antigen has an apparent molecular weight of 
about 28 37 120 or greater than 200 kilodaltons and specifically binds to one or more monoclonal 
antibodies de^josfted with the American Type Culture Collection (ATCC) and assigned accession Nos. HB 
9707 through HB 9712. Examples for said proteins are proteins having the amino acid sequences shown m 
Fig 15 Fig. 17. Fig. 19 and Fig. 21 and its functional equivalents. Said functional equivalents are proteins 
having 'an amino acid sequence derived from the amino acid sequences mentioned above by additions, 
deletions, insertion and amino add substitutions, provided that these proteins retain one or more im- 
munoreactive and/or antigenic determinants of an Eimeria surface antigen. The said proteins may be used 
for the immunization of poultry against coccidiosis. 

This invention further provides antibodies directed against the above-mentioned proteins especially 
monoclonal antibodies such as the monoclonal antibodies with the accession Nos. HB 9707. HB 9708, HB 
9709. HB 9710, HB 9711 and HB 9712. 

This invention still further provides DNA sequences encoding the above-mentioned proteins, recom- 
binant vectors comprising such DNA sequences especially reconnbinant vectors which are capable of 
55 directing the expression of the said DNA sequences in compatible host organisms and host organisms 
transformed with such recombinant vectors, especially transformed host organisms which are capable of 
expressing the DNA sequences encoding an above-mentioned protein comprised in the said recombmant 
vector. 
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This invGfition still further provides a process for the preparation of a protein having one or more 
immunoreactive and/or antigenic determinants of an Eimeria tenella surface antigen, which process 
comprises: 

(a) culturing a host organism transformed with a recombinant vector comprising a DNA sequence 
5 encoding said protein under conditions in which the DNA sequence is expressed; and 

(b) isolating the protein or fragment from the culture. 

This invention still further provides a process for the preparation of an above-mentioned transformed 
host organism which process comprises transforming a host organism with a recombinant vector comprising 
to a ONA sequence encoding a protein of the present invention using methods known per se. 

This invention still further provides vaccines for protecting poultry against cocddiosis comprising one or 
more of the proteins of the invention and a physiologically acceptable canrier. 

This invention still further provides vaccines for protecting poultry against coccidiosis comprising a viral 
vector containing a DNA sequence or fragment thereof coding for a protein of the invention, which virai 
ts vector is capable of expressing the DNA sequence or fragment, and a physiologically acceptable carrier. 

This invention still further provides a method for protecting poultry against coccidiosis, which method 
comprises administering an effective amount of a vaccine of the invention to a young fowl which is 
susceptible. to cocddiosis. 

The present invention can be more readily understood by reference to the following description of the 
20 invention and the Example in connection with the following Rgures in which: 

Fig. 1 shows the results of an E. tenella spororoite.ELISA. Dilutions of immune mouse serum (MS 
107-2;A) and control mouse serum (X) were incubated with 4 X 10* live purified sporozoites. Specific 
antibody bound to the sporozoites was detected with a peroxidase-conjugated anti-mouse IgG antibody and 
the peroxidase substrate o-phenylenediamine. The ODtsanm was read in a Titertek Multiscan® plate reader. 
25 Fig. 2 shows the results of a Western blot assay performed witii proteins solubllized from E, tenella 

sporozoites. Solubillzed sporozoite proteins were separated by reducing SDS-polyacrylamide gel elec- 
trophoresis in 12.5% gels, transferred to nitrocellulose membranes and reacted with each antibody. The 
specific proteins recognized by each antibody were visualized with a peroxidase-conjugated anti-mouse IgG 
antibody and the peroxidase substrate 4-chloro-i-naphthol. The antibody which was reacted with each strip 
30 is noted at the top of the strip. 

Rg. 3 shows the results of a Western blot assay performed with proteins sotubilized from sporozoites 
and merozoites of E. tenella, and from sporozoites of E. acervulina. Various monoclonal antibodies and sera 
were incubated with nitrocellulose bound Eimeria proteins and visualized as explained In the description of 
Rg. 2. The monoclonal antibodies used included 3A5 (1), 20C6 (2), 7D1 (3), 13A6 (4), 6A5 (5) and a control 
35 antibody that was unreactive to the Eimeria proteins. The sera used included mouse No. 107-2 Immune 
serum (7) and contirol serum (8). 

Fig. 4 shows in the left panel the results of an immunopredpltation assay with '^l-labeled surface 
proteins of E. tenella sporozoites. SponDzoite surface proteins were labeled by either the lOOOGEN or 
lODOBEADS method, sotubilized and visualized following SDS-polyacrylamide gel electrophoresis in 12.5% 
40 gels by autoradiography. The right panel shows the results of immunoprecipitation of *^l-labeled sporozoite 
surface proteins by serum from mice immunized with live sporozoites. Immune mouse sera (105-1, 105-2, 
105-3, 107-1, 107-2 and 107-3) and control mouse serum (Control) were incubated with ^^si^gporozoite 
surface proteins, and the immune complexes were captured by an anti-mouse antibod/ coupled to agarose. 
The immune complexes were solubilized with Laemmli sample buffer, separated by SDS-gel elec- 
ts trophoresis in 12.5% gels and visualized by autoradiography. M represents the molecular weights of 
standard marker proteins in kilodaltons. 

Fig. 5 shows the results of immunoprecipitation of '^si-sporozoite surface proteins by monoclonal 
antibodies. The procedure for identifying the '25|.proteins bound by each antibody is explained in the 
description of Rg. 4. Specific sporozoite monoclonal antibodies used and control antibody (control) are 
so indicated at the top of each gel lane. Molecular weights of standard marker proteins are shown in 
kilodaltons. 

Rg. 6 shows phase contrast micrographs and immunofluorescence staining pattern micrographs 
using various monoclonal antibodies, of air-dried E. tenella sporozoite slide preparations. The left sides of 
panels A, B, C and D are phase conti'ast micrographs showing Intact elongated sporozoites with a large 
55 posterior retractile body (PRB), a small anterior retractile body (ARB) and the apical end (A) opposite the 
posterior retractile tx)dy. The right sides of panels A, B, C and D show slides which were treated witii 
monoclonal antibodies 14C3 (specific for surface antigens), 6A5 (specific for surface and refractile body 
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protein), 1 1 D2 {specific for sporozoite apical tip) and control antibody, respectively. The antibodies bound to 
the preparations were localized with rhodamine-conjugated anti-mouse antibodies, visualized by epi- 
fluorescence using a Leitz Dialux 22® microscope. All niicrographs are 630X. 

Fig. 7 shows antibody staining of intracellular sporozoites and the developing parasite in chicken 

5 kidney cells. Chicken kidney cells were infected with sporozoites. and at the indicated times after infection 
the cells were processed for antibody staining. The cultures were washed before fixation to remove any 
extracellular sporozoites. Phase contrast and corresponding immunofluorescence micrographs were made 
using antibodies 704. 8A2, 7B2 and 15A3 as indicated. The antibodies bound to the preparations were 
localized with rhodamine-conjugated anti-mouse antibodies, visualized by epifluorescence. All micrographs 

to are 630X. 

Fig. 8 shows antibody staining of intracellular sporozoites and the developing parasite in chicken 
kidney cells. Phase contrast micrographs and corresponding immunofluorescence micrographs were made 
using monoclonal antibodies 14B1 and 1906. immune chick sera and fluorescent second antibodies, at the 
indicated times. 

15 Fig. 9 shows the neutralization of Intracellular sporozoite development by anti-sporozoite antibodres. 

Purified E. tenelta sporozoites were preincubated for 1 hour at 40 * C with either control antibody (X) or anti- 
sporozoite antibodies 704 (a), 8A2 (O). 14B1 {•) or 6A5 (■) and then allowed to infect MDBK cell cultures. 
Sporozoites were also preincubated with media (A) or with the anti-coccidial drug, lasalocid { * ). 

20 After infection, the development of the intracellular sporozoite was measured by the incorporation of ^'H- 
uracil into the cell cultures. Since lasalocid prevents intracellular development of the sporozoite, cultures 
pretreated with this drug showed minimal incorporation of ^H-uracil. 

Fig. 10 shows the results of SDS-poiyacrylamide gel electrophoreticAVestem Blot analysis of 65 Kd- 
^-galactosidase fusion protein samples or other samples as noted- The Western Blot analysis was carried 

25 out using murine anti-)9-galactosidase antibody (panel A) or pooled monoclonal antibodies 701 . 704 and 
20C6 (panel B) in conjunction with goat anti-mouse HPOD conjugate. The lanes in both panels represent (1) 
^-galactosidase. (m) prestained molecular weight markers, the sizes of which are indicated to the left of 
plate A in kd, (2) total cell pellet protein, (3) protein released from the cell pellet by sonication and (4) 
protein solubilized by guanidine-JHCI from the pellet after sonication. 

30 Ftg. 11 is a schematic representation of plasmid pEV/2-4, a 65 kd protein expression plasmid 

containing a 1.7 kb EcoRI ONA insert from phage Xm2-4. Positions of various restriction enzyme sites in the 
insert are shown relative to the EcoRI site, including PstI (P, at bp 53 and 776). Kpnl (K. at bp 202). BstNl 
(B. at bp 584, 1303 and 1412) and Sau3A (S. at bp 1017 and 1439). 

Fig. 12 is a map of pEV3-SEQ, containing a polylinker with the indicated sites inserted between the 

35 EcoRI and Sail sites of pEV-vrf3. The synthetic oligonucleotide CGGTCSACTCGAGCCA. indicated by the 
dashed arrow, was used as a primer for chain-termination DNA sequence analysis. 

Fig. 13 is a restriction map of cONA clones encoding proteins recognized by monoclonal antibody 
6A5. Restriction endonuclease sites used for f^axam-Gilbert DNA sequence analysis of the 1.1 kb cDNA are 
shown. The EcoRI site in parentheses is at the end of the 0.9 kb cDNA. The bar above the map shows the 

40 open reading frame predicted from the DNA sequence, with the potential signal peptide filled in. The lines 
below the map indicate the exoHI deletions used for chain-termination sequence analysis. 

Fig. 14 is the nucleotide sequence of the 1.1 kb cONA molecule encoding the 20 kd protein 
recognized by monoclonal antibody 6A5. 

Rg. 15 is the amino acid sequence of the protein of Rg. 14, predicted from the nucleotide sequence 

45 of that figure. 

Rg. 16 is the nucleotide sequence of the 1.7 kb cDNA molecule encoding the 65 kd protein 
recognized by monoclonal antibodies 701 , 704 and 20C6. 

Fig. 17 is the amino acid sequence of the protein of Rg. 16, predicted from the nucleotide sequence 
of that figure and confirmed by sequence analysis of tryptic peptides produced from the expressed 65 kd 
50 pnDtein. Regions in the overall amino acid sequence corresponding to some of these peptides are shown 
underlined. The determined sequences of these peptides are overlined. 

Rg. 18 is the nucleotide sequence of the 1.1 kb cDNA molecule encoding the 28 kd protein 
recognized by monoclonal antibody 8A2. 

Rg. 19 is the amino acid sequence of the protein of Rg. 18, predicted from the nucleotide sequence 
55 of that figure. 

Rg. 20 is the nucleotide sequence of the 3.2 kb cDNA molecule encoding the protein recognized by 
monoclonal antibody 782. 
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Fig. 21 is the amino acid sequence of the protein of Fig. 20. predicted from the nucleotide sequence 
of that figure. 

Fig. 22 Is an SDS poiyacrylamide gel etectrophoretic analysis of the immunoaffinity-purified 65 kd 
protein. The gel was visualized by Coomassie blue stain and by Western blot analysis. Lanes 2 and 4 and 3 
5 and 5 contain the purified protein from two preparations. Lanes 1 and 6 contain a mixture of molecular 
weight marker proteins having the molecular weights shown to the left and right of the figure. 

Fig. 23 is an HPLC elution profile of a jJ-mercaptoethanol reduced (panel A) and unreduced (panel B) 
tryptic digest of the 65 kd protein, showing absorbance at 215 mu as a function of column retention time. 

Fig. 24 shows restriction maps of four elements of the basic vector used for recombination of genes 
TO " coding for coccidial antigens into vaccinia virus. These elements include the 7.5K promoter element (a and 
b. left), the TK locus (a and b. right), part of plasmid pUCQ (c) and the polycloning site from MI3tgt3l (d). 
The direction of transcription of the viral 7.5K and TK promoters is from left to right (i.e.. from the Bglll to 
the EcoRI restriction site in the polylinker. 

Fig. 25 shows the amino acid sequence of the N-terminus of the Eimeria antigen recognized by 
TS monoclonal antibody 8A2 (A) expressed from a construct containing the AUG translation start codon in the 
polylinker element of the vector of Fig. 24. and (B) fused to the malarial 190 kd leader segment (first 34 
amino acids) and the polylinker of the cloning vector of Rg. 24 (next 13 amino acids). During the maturation 
process of the protein, the first 19 amino acids at the N-terminus may be cleaved at the position indicated 
by a colon. 

so 

In the figures, standard single letter abbreviations are used to represent nucleotides, and standard one 
or three letter abbreviations are used to represent amino acids. The meanings of these abbreviations can be 
found in standard biochemistry textbooks, such as Lehninger. Principles of Biochemistry, 1984, Worth 
Publishers, Inc., New York. pp. 9B. 798. 

25 As used herein, tiie following terms shall have the following meanings: 

"20 kd protein" means a recombinant or synthetic protein having an apparent molecular weight of about 
20 kilodaltons in SDS poiyacrylamide gel electrophoresis which binds specifically to monoclonal antibody 
6A5. This antibody also specifically reacts with an Bmeria surface antigen (from a whole extract of Bmeria 
proteins) having an apparent molecular weight of about 28 kilodaltons in SDS gels. This antigen Is present 

30 in the sporozoite developmental stage. The nucleotide sequence of a cDNA molecule encoding this protein 
and the amino acid sequence predicted therefrom are shown in Figs. 14 and 15, respectively. 

"65 kd protein" means a recombinant or synthetic protein having an apparent molecular weight of about. 
65 kilodaltons in SDS poiyacrylamide gel electrophoresis which binds specifically to monoclonal antibodies 
7D1 , 7D4 and 20C6. These antibodies also specifically react with a surface antigen from Bmeria extracts 

35 having an apparent molecular weight of about 120 kilodaltons in SDS gels. This antigen Is present in the 
sporozoite. schizont and merozoite developmental stages. The nucleotide sequence of a cDNA molecule 
encoding this protein and the amino acid sequence predicted therefrom are shown in Figs. 16 and 17, 
respectively. 

"28 kd protein" means a recombinant or synthetic protein having an apparent molecular weight of about 

40 28 kilodaltons in SDS poiyacrylamide get electrophoresis which binds specifically to monoclonal antibody 
8A2. This antibody also specifically reacts with an Eimeria surface antigen having an apparent molecular 
weight of about 37 kilodaltons in SDS gels. This antigen is present in the sporozoite, schizont and merozoite 
developmental stages. The nucleotide sequence of a cDNA molecule encoding this protein and the amino 
acid sequence predicted therefrom are shown in Figs. 18 and 19, respectively. 

45 "45 kd protein" means a recombinant or synthetic protein having an apparent molecular weight of about 
45 kilodaltons in SDS poiyacrylamide gel electrophoresis which binds specifically to monoclonal antibody 
7B2. This antibody also specifically reacts with an Bmeria surface antigen having an apparent molecular 
weight of greater than 200 kilodaltons in SDS gels. This antigen is present in the sporozoite developmental 
stage. The nucleotide sequence of a cDNA molecule encoding this protein and the amino acid sequence 

so predicted therefrom are shown in Rgs. 20 and 21 , respectively. 

The term "protein having one or more immunoreactive and/or antigenic determinants of an Bmeria 
surface antigen" means a protein having one or more regions or epitopes which are capable of eliciting an 
immune response in an immunologically competent host organism and/or are capable of specifically binding 
to a complementary antibody. 

65 Because 'of the degeneracy of the genetic code, it will be understood that there are many potential 
nucleotide sequences (functional equivalents) that could code for the amino acid sequences shown in Rgs. 
15. 17. 19 and 21. It should also be understood that the nucleotide sequences of the DNA sequences and 
fragments of the invention inserted into vectors may include nucleotides which are not part of the actual 
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structural oenes as long as the recombinant vectors contaning such sequences and fragrT,ents are capable 
rdilectg t" pToducLn in an appropriate host organism o. a protein or fragment hav,ng one or more 

^-^'::^tz:^t:ztz:tt^^ ^^^^ -^^^^-z 

c'S^'a^oTd s SJoTs rAiUerI'va,;. Asp/3iu, Thr/Ser, A,a/G,v^Alam,r, Ser/Asn. «a/Va,. 
Se G y TyrPlie. Ala-Pro. Lys/Arg. Asp^Asn, Leu/lie, LeuA/al. Ala/Glu, Asp/Sly, and v.ce versa 

S ch f nctionally equivalent nucleotide sequence variations and ammo acd ^"bsMu ,ons o the 
exemSy embodiments of this invention are within the scope of the invenfon ^= '""S^lJ''^ «^ 
p Ss rlt^n one or more immunoreacfive and/or antigenic determinants of an E,mer,a surfece 

oroduced by inramplete complementary DMA (cONA) synthesis from 'so'^ted ^ssanger RNA (mRN^^^ 
PrateTn fraqmente can also be produced by expi^ssing DNA fragments encoding the protern Iragments^ 
S™ch prorCments can be'useful in this invention if they contain a sufficent ""-^^ ^ ^'^ 
fe^dues to constitute an immunoreactive and/or antigenic detemiinant Generally at least about 7 o 8 
;«;dues are Tided. As expl^ned below, it may be necessary to couple such fragments to an .m- 

"^^r^n^"— ^br^^^^^^^^^ Known in the art such as by recombinant ONA 

"'^Nr^dtdCrerp^r^^^^^^^ 

"^•^r r^^^c^Ar^^^^^ BNA can be isolated from .mer. 

'""roJi'sZa't^nrw^' usTasTm^RNA source In the Examples below, the cloned genes from 
this speSt's .Tbe u^i p'bes to isolate genes ,rom other species of Eimeria, due to DNA sequence 

3er;dTs:.r"e amerla genes of this inven«on are ^-f^d into an approp^^^ 
exo-^ssTon vehtole which contains the elements necessary for transcription and tr^slation of the mserted 
oene ique^es useful cloning vehicles may consist of segments of chromosomal. ^.^^ 
Lnmer DNTsequen^s such as various known bacterid plasmids, phage DNA. combmations of plasrn d 
^ pl^e ONnuch as plasmids which have been modified to employ phage DNA or -"her exp™ 
^tr^Xences. or yea^ plasmids, SpecWc cloning vehicles which could be u^-^^™* 
man skilted in the art include but are not limited to the pEV-vrt plasmids (pEV-vrf1, 
Tnov* ea^ l^lilda gt-WES-lambda B; Charon 4A and 28 '-''''^-■fl'-^.'-f-''^^^ 
^rs such as pUCR 9. 18 and 19. pBR313, 322 and 325; pACIOS; pVA51: pACY177, pKH47. pAGYC184. 

iSof^^aSaSJ^ accomplished when both .e genes 

and^ desfr^ cloning vehicle have been cut with the same restriction enzyme or enzymes, s.nce 
^mp^memJTDI^A termini are thereby produced. If this cannot be accomplished, it may be "ece^s^ry ^ 
mnTme ^ends that are produced by diflastlng back single-stranded DNA to produce blun ends, or l^y 
rcNelg thTsame resulHy filing in the sfngle-^anded termini with an appropriate DNA polyr-erase. In 
« wTy' " ligason Im an enzyme such as T4 DNA ligase may t« "^^^^^^^^^^ 
.ite desired may be produced by ligating nucleotide sequences (linkers) onto the DNA termini. Such linkers 
™y coSseCcific oligonucL'de sequences that encode restriction site recognl^on sequences. The 
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cleaved vector and the Eimeria genes may also be modified by homopolymeric tailing, as described by 
Morrow [Methods in Enzymology 68:3 (1979)]. 

Many of the cloning vehicles that may be used in this Invention contain one or more marker activities 
that may be used to select for desired transformants. such as ampicillln and tetracycline resistance in 
pBR322, ampicillin resistance and ^-galactosidase activity in pUCS, and ampicHlin resistance in pEV-vrf2. 
Selection of host cells into which such vectors have been inserted is greatly simplified when the host cells 
otherwise lack the activities contributed by the vectors. 

It should be understood that the nucleotide sequences of the Eimeria genes inserted at a selected site 
In a cloning vehicle may include nucleotides which are not part of the actual structural genes. Alternatively, 
the gene may contain only part of the complete wild-type gene. All that is required is that the gene 
fragments inserted into the cloning vehicle be capable of directing the production in an appropriate host 
organism of a polypeptide or protein having at least one immunoreactive and/or antigenic determinant of an 
Eimeria surface antigen. 

The selection of an appropriate host organism is affected by a number of factors known in the art. 
These factors include, for example, compatibility with the chosen vector, toxicity of proteins encoded by the 
hybrid plasmid. ease of recovery of the desired protein, expression characteristics, brosafety and costs. A 
balance of these factors must be struck, and it nnust be understood that not all hosts will be equally 
effective for expression of a particular recombinant DNA molecule. 

Suitable host unicellular organisms which can be used in this invention Include but are not limited to 
plant, mammalian or yeast cells and bacteria such as Escherichia coli. Bacillus subtilis, Bacillus stearother- 
mophilus and Actinomyces. Especially prefen-ed is Escherichia coli strain MCI 061, which has been 
described by Casadaban et al. (J. Mol. Biol. 138:179 (1980)]. This strain can be used, or any other strain of 
E. coli K-12 containing the piasmid pRK248clts. Plasmid pRK248cIts for use in other E. coll K-12 strains is 
available from the American Type Culture Collection and has accession No. ATCC 33768. E. coli strain 
MCI 061 has also been deposited znd has accession No. ATCC 53338. 

Transfer of the recombinant cloning vector into the host cell may be carried out in a variety of ways. 
Depending upon the particular vector/host cell system chosen, such transfer nnay be effected by trans- 
formation, transduction or transfection. Once such a modified host cell is produced, the cell can be cultured 
and the protein expression product may be isolated from the culture. 

Clones producing the Eimeria proteins of the invention can be identified using suitably labeled 
antibodies specific for the proteins. Monoclonal antibodies, which are preferred, can be prepared using 
standard methods as follows. 

Antigenic proteins from Eimeria tenella are used* to immunize animals such as mice, rats, horses, 
sheep, pigs, rabbits, etc., to obtain antibody producing somatic cells for fusion to myeloma cells. 

Somatic cells with the potential for producing antibody, particularly B cells, are suitable for fusion with a 
myeloma cell line. These somatic cells may be derived from the lymph nodes, spleens and peripheral 
blood of primed animals. In the preferred embodiment of this invention mouse spleen cells are used, in part 
tiecause these cells produce a relatively high percentage of stable fusions with mouse myeloma lines. It 
would be possible, however, to use rat, rabbit, frog or other cells instead. 

Specialized myeloma cell lines have been developed from lymphocytic tumors for use in hyridoma- 
producing fusion procedures [Kohler and Milstein. Eur. J. Immunol. 6:5t1 (1976); Shulman et al., Nature 
276:269 (1978): Volk et al.. J. Virol. 42:220 (1982)]. These cell lines have been developed for at least three 
reasons. The first is to facilitate the selection of fused hybrldomas among unfused and similarity indefinitely 
self-propagating myeloma cells. Usually, this is accomplished by using myelomas with enzyme deficiencies 
that render them incapable of growing in certain selective media that support the grovrth of hybridomas. 
The second reason arises from the Inherent ability of lymphocytic tumor cells to produce their own 
antibodies. The purpose of using monoclonal techniques is to obtain fused hybrid cell lines with unlimited 
lifespans that produce the desired single antibody under the genetic control of the somatic cell component 
of the hybridoma. To eliminate the production of tumor cell antibodies by the hybridomas, myeloma cell 
lines incapable of producing light or heavy immunoglobulin chains or deficient in antibody secretion 
mechanisms are used. A third reason for selection of these cell lines is for their suitability and efficiency for 
fusion. 

Many myeloma cell lines may be used for the production of fused cell hybrids, including, e.g., P3/X63- 
Ag 8, P3/NSI/1-Ag 4-1. SP2/OAg-l4 and Sl94/5.>OCO.BU.1. The P3.'X63-Ag 8 and P3/NSI.'1-Ag 4-1 cell 
lines have been described by KQhIer and Milstein [Eur. J. Immunol. 6:511. (1976)]. Shulman et al. [Nature 
276:269 (1978)] developed the Sp2'0-Agl4 myeloma line. The S194/5.XXO.BU.1 line was reported by 
Trowbridge [J. Exp. Med. 148:313 (1979)]. In the example of the present invention, the PAI-0 mouse cell 
line (a non-lg-producing subclone of PS/TCeS-Ag 8) was used. 
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Me.hods for generadng hybrids of antibody-producir,g spleen or lymph node cells 
usual involve mixing somatic cells with myeloma cells in a 10:1 proporton (although the proporton may 

a"v irabout™' 1 to about 1:1). respectively, in the presence of an agent or agents (chem.cal, y.ral or 
ete^^an tharpromole the fusion t cell membranes. It is preferred that the same species of an.mal serve 

te 1!:^ oTthe somatic and myeloma cells used in the fusion procedure, ^-'^^^^f J--:,^-;, 
...nbedbyKoh,er.dM^^^^^^^ 

Sirred bX^tlSltL^ele tnd^ .^us and p^fyethyfenT-glycol ,PEG,. The fusion procedure 

Tec^uTL^lt— ^^^^ - very low frequency (e.g.. when spieens are used 

as a s Of oma^c cells, o'ly one hybrid is obtained for roughly every 1 x 10- spleen ce^ Jt ,s 
eLential ^have a means of selecting the fused cell hybrids from the rerr^aining unfused cells, part-cula^h, 
me unfld myeloma cells. A means of detecting the desired anlibody-prcducng hybndomas among other 

resulting fused cell hybrids is also necessary. . , , ,x. • „ :„ mpHia that 

Generally, the selection of fused cell hybrids is accomplished by culturir^ the cells .n -^edia that 
suppcTtl^ l o^ Of hybridomas but prevent the growth of the myeloma cells -"^f^ 
! • ^I^oit^iw /Thp ^nmatic cells used in the fusion do not maintain long-term viability in in vitro 

r:^:d~ 'dol^ pretpremTin the example 0, the present inven«on. myxoma cells lacKi^ 
ypoxa^le phosphorlbo^l transferase (HPRT-negative) were used. Selecaon aganst these 'S made 
nTypTlthlne/amlnopterilymidine (HAT) medium, a medium ""^'^ ^^''„;^"X;n a Ic 
due to the HPRT-posltive genotype of the spleen calls. The use of myeloma cells with different genetic 
de«cl^des (d" g sensi«vf«es, «c.) that can be selected against in media supporting the growth of 

^n'lS^lrsCa^'d :r.S'cul.ure the fused cell hybrids. Early in this Hme perio. it is 
necesZ to iden% those hybrids which produce the desired antibody so that they may sf ^Querrtly be 
^^„.h!^h nronaa^ed Generally around 10% of hybrids obtained produce the desired antibody, although 
ge" Cao^te^^^o^ — The detection of antbody-producing -^Vbrids -n be ach ^^d 
bv anv one of several standard assay methods. Including enzyme-linked immunoassay and radioimmunoas- 
rJw^ch been dicribed in «,e IHerature [see, .g Kennet e. a. (^to.^. Monoclona^ 
Antibodies and Hybridomas: A New Dimension in Biological Analyses, pp. 376-3a4Jlenum Press. New 
vnri, MflaOM Several detection methods were used in the example of the present Invention. 

Orme destd fust c^^ hybrids have been selected and cloned into Individ.^ ^Tr^TZ^Zl 
cell nne7 each cell line may be propagated in either of two standard ways. A suspension o the hybridoma 
S s c^" te*nSd into a histocom'patible animal. The iniected animal will ^•^"/^-"f P ,7°^=. 
Scrape spedfic monoclonal antibody produced by the fused cell hybrid. The body fluids of the animal. 

serum or ascites fluid, can be tapped to provide monoclonal antibodies in ^'9^ «.ncenb.tor. 
MernSve^, the individual cell lines may be propagated in vitro in laboratory culture v««els^ Ttie ojlture 
Ziurcontaining high concentrations of a single specific monoclonal antibody can be harvested by 

P-ms rem.n in the cy.op.asm, . in — bodies^To^^ ttie 
proteTns t is thus necessary to disrupt the outer membrane. This Is preferably accornpiished by sonication, 
o tTtt^r mechanically disruptive means, such as a French pressure cell or f^^"™ •^,„„3 

cell disruption could also be accomplished by chemical or enzymatic means. Since divalent cations are 
often required for cell membrane integrity, treatment with ^ropri^e chelating agents such as EDTA or 
EGTA might prove sufficiently disaiptive to facilitate me leakage of the proteins from the cells. Similarly 
enzJ^rsucS as lysozyme have l»en used to achieve the same result. That enzyme hydrolyzes the 

^'''rS™:slt :"ould also be employed. Briefly, this could be --P«^e-^ by firs, 
plac^ me cells in a hypertonic solution which would cause them to lose water and shnnk. Subsequerrt 
pladmJnt in a hypotonic "shock" solution would then lead to a rapid influx of water into me cells with an 

"Ce °r;i4m me^Sr^e Bmeria proteins may be concentrated by precipi«flon with s.^ such ^ 
sodium or ammonium sulfate, ultrafiltration or other methods well known to those ^^Z" ^^^'^^^^"^ 
purification could be accomplished by conventional protein purification ' W^elec^oot^^^^^ IsoSc 
to gel filtration, ion-exchange chromatography, preparative disc-gel or curtain electrophwes^s, 'SoelecWc 
fLusing, low temperature organic solvent fractionatir»i, or countercurrent dlstirlbution. Punfication Is prefer- 
ably carried out, however, by immunoaffinity chromatijgraphy as descnbed below. 

T^TpToteins of tiiis im-ention or fragments thereof can also be chemically synmesized by a suitable 
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method such as by exclusive solid phase synthesis, partial solid phase methods, fragment condensation or 
classical solution synthesis. Solid phase synthesis as described by Merrifield (J. Am. Chem. Soc. 85:2149 
(1963)] is preferred. ~ 
Such synthesis is carried out with amino acids that are protected at the alpha-amino-terminus. 
5 Trifunctionai amino acids with labile side-chains are also protected with suitable groups which will prevent a 
chemical reaction from occurring at that site during the assemblage of the peptide. The alpha-amino 
protecting group is selectively removed to allow subsequent reaction to take place at the amino-terminus. 
The conditions for the removal of the alpha-amino protecting group do not cause deprotection of the side- 
chain protecting groups. 

70 The alpha-amino protecting groups are those known to be useful in the art of stepwise synthesis of 
peptides. Included are acyl type protecting groups (e.g., formyl, trifluoroacetyl, acetyl), aromatic urethane 
type protecting groups (e.g.. benzyloxy carbon yl (Cbz) and substituted benzyloxycarbonyl), aliphatic 
urethane protecting groups (e.g.. t-butyloxycartwnyl (Boc), isopropyloxycarbonyl, cyclohexyloxycarbonyl) 
and aikyi type protecting groups (e.g.. benzyl, triphenylmethyt). The preferred protecting group is Boc. The 

T5 side-chain protecting groups for Tyr include tetrahydropyranyl. tert.-butyl, triyl, benzyl. Cbz, 4-Br-Cbz and 
2.6-dichlorobenzyl The preferred side-chain protecting group for Tyr is 2,6-dichlorobenzyl. The side-chain 
protecting groups for Asp include benzyl. 2.6-dichlorobenzyl. methyl, ethyl and cyclohexyl. The preferred 
side-chain protecting group for Asp is cyclohexyl. The side-chain protecting groups for Thr and Ser include 
acetyl, benzoyl, trityl, tetrahydropyranyl, benzyl, 2.6-dlchloroben2yl and Cbz. The prefen^ed protecting group 

20 for Thr and Ser is benzyl. The side-chain protecting groups for Arg include nitro, Tos. Cbz, adamantylox- 
ycarbonyt or Boc. The preferred protecting group for Arg is Tos. The side-chain amino group of Lys may be 
protected with Cbz. 2-ClCbz, Tos or Boc. The 2-Cl-Cbz group is the preferred protecting group for Lys. The 
selection of the side-chain protecting group is based on the following: The side-chain protecting group 
remains intact during coupling and is not split off during the deprotection of the amino-terminus protecting 

25 group or during coupling conditions. The side-chain protecting group must t3e removable upon the 
completion of the synthesis of the fina) peptide, using reaction conditions that will not alter the target 
peptide. 

Solid phase synthesis is usually carried out from the carboxy-terminus by coupling the alpha-amino 
protected (side-chain protected) amino acid to a suitable solid support. An ester linkage is formed when the 

30 attachment is made to a chloromethylated or hydroxymethyl resin and the resultant target peptide will have 
a free carboxyl group at the C-terminus. Alternatively, a benzhydrytamine or p-methylt3enzhydryiamine resin 
is used in which case an amide bond is formed and the resultant .target peptide will have a carboxamide 
group at the C-terminus. These resins are commereially available and tiieir preparation is described by 
Stewart et a)., "Solid Phase Peptide Synthesis" (2nd Edition, Pierce Chemical Co., Rockford, IL, 1984). 

35 The C-terminal amino acid, Arg, protected at the side-chain with Tos and at the alpha-amino function 
witii Boc is coupled to the benzhydrytamine resin using various activating agents including dicyclohexylcar- 
bodiimide (DCC). N,N -diisopropylcarbodiimide and carbonyldi imidazole. Following the attachment to the 
resin support tiie alpha-amino protecting group is removed by using trifluoroacetic acid (TPA) or HCI in 
dioxane at a temperature between o' and 25* C. Dimethylsulfide is added to the TFA after the introduction 

40 of methionine (Met) to suppress possible S-alkylation. After removal of the alpha-amino protecting group, 
the remaining protected amino acids are coupled stepwise in the required order to obtain the desired 
peptide sequence. 

Various activating agents can be used for the coupling reactions including DDC, N.N'-diisopropylcar- 
bodiimide, ben20tria2ol-1-yl-oxy-tris-(dimethylamino)-phosphonium hexafluorophosphate (BOP) and DCC- 

45 hydroxybenzotriazole (HOBt). Each protected amino acid is used in excess (>2.5 equivalents), and the 
couplings are usually carried out in DMF, CHjCU or mixtures thereof. The extent of completion of the 
coupling reaction is monitored at each stage by the ninhydrin reaction as described by Kaiser at al.. Anal. 
Biochem. 34:595 (1970). In cases where incomplete coupling is determined the coupling reaction is 
repeated. The coupling reactions can be performed automatically on a Vega 250, Applied Biosystems 

50 synthesizer or other commercially available instrument. After the entire assemblage of the target peptide, 
the peptide-resin is deprotected with TFA/dithioethane and then cleaved with a reagen such as liquid HF for 
1-2 hours at 0* C which cleaves the peptide from the resin and removes all side-chain protecting groups. 

Side-chain to side-chain cyclization on the solid support requires the use of an orthogonal protection 
scheme which enables selective cleavage of ttie side-chain functions of the acidic amino acids (e.g., Asp) 

55 and tiie basic amino acids (e.g.. Lys). The 9-fluorenylmethyl (OFm) protecting group for the side-chain of 
Asp and the 9-fluorenylmetiioxycarbonyl (Fmoc) protecting group for the side-chain of Lys can be used for 
this purpose. In ttiese cases tiie side-chain protecting groups of the Boc-protected peptide-resin are 
selectively removed with piperidine in DMF. Cyclization is achieved on the solid support using various 
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activating agants incl.ding DCC. DCC/HOBt or BOP. The HF reaction is carried out on the cyclized peptide- 

'"'"p'niTrol r^ynthetic proteins can be carried out as deccrit^d above for «,e raco.binantly 

Bm\Tpr«eins can also be recovered from extracts of membrane proteins from E tenella or other 
Eime^irspe<^rt^y immunoprecipitation or immunoaff,nity chr»T,atography. As already noted, such mett,- 
ods^ p^uce the complete, wild-type proteins. In some cases, these prote.ns are large' 'he 
pl;^ pr^uced by recombinant ONA methodology. 

nrfvlucBd as described above, using synthetic ornaturalBmeria proteins as the antigen. 

Other usemrp^tel^ which have the necessary immunoreac«ve and/or antigenic determinants are 

vacc° OS comprising me proteins and a physiologicdly acceptable carrier. Suitable earners include. e.g.. 

"■"^E^crdtrr^r^-^^^-^cr^^^^^ 

immurpoMntiaror can be added to the vaccine. Secondly, the proteins of the invenfton can be presented 
IHn ZTmat is to be immunized in a la^er fom,, either as a cross-linked complex or con.ugated to a 

'%'ute""vants for *e vaccination of animus Include but are not limited to Adiuvant 65 (containing 
peant^ OH m^nide monooleate and aluminum monostearate); mineral gels suet, as alurninum hydroxide. 
aSum prphate and alum; surtactants such as,hexadecylamine. l*'^",^^^^^ 
dioSat^ecyLmonium bromide, N.N-diootadecyi-N,N -bis(2-hydroxymethyl) propanediam ne, '"^hsx- 

cSfp^tidos such as LUl dipeptide, dlmethylglyclne and tuftsin; and oil ernulsions. The proteins 
could^so be administered following incorporation into liposomes or other m^roc^^^^^^^ 
■ incorporation into liposomes or other microcarriers provides a means by which the °' 
vaccinTs c^ be sustained over a prolonged period of «me. A pump such as an Alza pump cou« be used 

The"! uX^ity Of the proteins of the invention, espe..ly the X'':^':^^^,:^^^ 
hv cross-linkino or by coupling to an immunogenic carrier molecule (I.e., a macromolecula hav ng tne 
pL"^oftdependltly Scmng an immunological response In a host animal, to which the P-tains and 
pn^Xmerof the invention can be covalently linked). Cross-linking «^ .^'^^'^^ 
^^le m^y be required because small protein fragments sometimes act as haptens (motecules which 
^^IrofVpecScally binding to an antibody but incapable of elfeltir^ antibody Pf "<f°"J-«; 
Z n^'fmmunog'Tnic). Conjugation of such fragments to an immunogenic earner molecule renders the 

'-^rbirreTmir^r^^^^^^^ 
srr^e-^^rreire^T^^^^^^ 

p^ter^d" Suding but not limited to mammaliiS- serum proteins such as ^l^']" "^/^^"^^^^^^^ 
hurlr™- toine gammaglobulin, human, bovine or rabbit serum albumin, or methylated or o<^er derlvaives 
o?^^ D^"ns Other protein carriers will be apparent to those skilled in the art. Preferably, but not 
neietKe P^n i^-er will be foreign to the host animal in which an«bodies against the Eimerla 

'™'cirntl" » 'the carrier molecule can be carried out using methods well known In the art, the 
exar^ i^ofc o which will be dictated by the nature of the carrier molecule used. NW-en ' e ■mmu™,g«^c 
eerier molecule is a protein, the proteins or fragments of the invention can be coupled, e.g., using water 
soluble carbodiimides such as dicyclohexyicarbodiimide, or glutaraldehyde. .^.^ ^ ,h«m,PivBs 

Coupling agents such as these can also be used to cross-link the proteins and fr^9'"«"« 
withorihe use of a separate carrier molecule. Such cross-linking into protein or protein fragment 
aaaregates can also increase immunogenicity. „™,itn/ pnainst 

Administration of an effective amount of the vaccines of this invention can P««f .P"""^^^^^ "'' 
infe^on by E. tenella Monoclonal antibodies against the E, tenella antigens cross-react with E^«=ervu na 
a dt maxima Tn vitro, indicating that protection may also be conferred against tt^ese species. An effective 
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dose of the proteins or protein fragments ranges from about 10 to about 50 microgram s/kg of body weight 
of the vaccinated animal. A dose of about 25-50 ug/kg is preferred. Initial vaccinations are preferably 
followed by booster vaccinations given from one to several weeks later. Multiple boosters may be 
administered. The dosages of such boosters generally range from about 5 to 50 ug/kg, preferably about 20- 
5 50 ug.Mg. Standard routes of administration can be used such as subcutaneous, intradermal, intramuscular, 
oral, anal or in ovo administration. 

The presentation of the coccidial antigens of the invention to the immune systems of fowl can be 
achieved by cloning genes coding for the antigens into bacteria (e.g., E. coli or Salmonella) or into viruses 
(e.g., poxviruses or herpesviruses) and administering the live vector systems to the birds orally, by injection 

10 or by other commonly used routes. Carbit et al. [in: Vaccines, 1987, Cold Spring Harbor Laboratory, pp. 68- 
71] have described the use of E. Colt, while Clements [Pathol. Immunopathol. Res. 6:137 (1987)] has 
described the use of Salmonella. Moss et al. [Ann. Rev. Immunol. 5:305 (1987)] have reviewed the use of 
viral vector systems employing recombinant poxviruses. 

One kind of poxvirus, vaccinia virus, can be used to test the delivery of coccidial antigens in cell culture 

75 and in animals. For analytical studies, vaccinia virus has been found to be more efficient than fowlpox virus, 
another poxvirus carrier that can be used. This is because vaccinia virus multiplies more rapidly than the 
avian virus and has a host range that is not restricted to chicken cells. Large amounts of heterologous DNA 
can be inserted into the vaccinia viral genome without Inhibiting viral maturation and infectivity [Smith et al., 
Gene 25:21 (1983)]. The insertion and expression of multiple heterologous genes using the virus elicits 

20 antibody production against expressed antigens in infected animals [Perkus et al., Science 229:981 (1985)]. 
The techniques used to produce recombinant vaccinia viruses can be readily adapted by routine 
procedures to fowlpox or herpesvirus systems. The use of such recombinant viruses as carriers in vaccines 
against coccidiosis is especially advantageous in that vaccinated fowl develop immunity against both the 
coccidial antigen and the viral carrier (i.e.. such vaccines are bivalent). The utility of such vaccines can be 

25 further enhanced by inserting additional genes into the carrier virus. For example, parts of the Newcastle 
disease viral genome can be inserted together with a coccidial antigen gene into a fowlpox virus, thereby 
conferring immunity against Newcastle disease, coccidiosis and fowlpox. all with a single vaccine. 

The administration of the live vector vaccines of the Invention can be carried out by numerous methods 
well known in the art. For example, the "stick" method commonly used to vaccinate poultry against fowlpox 

30 vinjs can l:>e used. This mettiod consists of sticking or pricking the skin of the wing web with- a sharp needle 
dipped into the vaccine. The needle usually has an eye near the tip like a sevnng machine needle which 
carries a drop of vaccine. Alternatively, the live vaccines can be injected subcutaneously or intradermally 
into the wing web or any other site. 

The recombinant live vector vaccines can also be added to drinking water or even sprayed over chicks 

3S that are to be vaccinated. They can also be administered in feed, preferably after protective encapsulation 
[Balancou et al.. Nature 322:373 (1986)], or in ovo. In the latter method, the viral vaccines are injected 
directly into chicken embryos [Sharma, Avian Dis. 25:1155 (1985)]. 

40 ' EXAMPLE 



Unless otherwise specified, percentages given below for solids in solid mixtures, liquids in liquids, and 
solids in liquids are on a yA/yA., vol/vol and wt/vol basis, respectively. 

45 

1. PREPARATION OF MONOCLONAL ANTIBODIES AGAINST EIMERIA ANTIGENS 



50 

1.1. PARASITE PREPARATION 

Sporozoites of E. teneita, E. acervullna, E. brunetti, and E. maxima were isolated from sporulated 
oocysts by standard procedures. Briefly, sporulated oocysts were washed with distilled water and 20% 
55 bleach and then with distilled water. The oocysts were disrupted in a tissue homogenizer and insoluble 
material, including sporocysts, was recovered by centrlfugation. The released sporocysts and other material 
In the pellet were resuspended in 0.25% trypsin and chicken bile in Hank's salt solution, pH 8, and 
incubated for 2 hours at 40* C. The excising solution was removed by two washes with RPMI-1840 medium 
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containinq 10% fetal bovine serum (FBS). followed by two washes with PBS at pH 7.4. 

ThTsporozol.es were then parined over a metrazimide gradient [Wsher et ^. Paras.hology 88:515 
(1984,]. Briefly, the sporozoi.es were resuspended in 2 ml of PBS. pH 7.0 and "J, Z 
ayered over a tS ml metrizamide gradient. The gradient was composed of 5 m of 
24% metrazimide in PBS, pH 7.0. The sporozoites were sedimented by centnfugation at 900 X g for 40 
ml u.es Pu^ed sporozol.es were Isolated from me interface between the 18% and 24% metnzam,de by 
insertion of a 21 gauge needle through the side of the tube and aspirating the sporozoites ,nto a synnge. 

The purified sporozoites were washed 3 .imes wi.h PBS, pH 7.0 and used immediate y for immuniza- 
tions infection studies, surface labeling with -M, immunofluorescence assays or SDS-polyacrylam,de gel 
electrophoresis tLaemmli, feature 227:680 (1970)] and Western blotting studies. 

MeSes of E. tenella were— dated as described below in Section 8.2.3. The punfled merozoites 
were uTd for immunizations and were solubillzed with Laemmll sample buffer for SDS-polyacrylamide gel 
electrophoresis and Western blotting studies. 



1.2. IMMUNIZATIONS 

Eight female Balb/c mice (Charles River. Wilmington. Mass.] 
sporozoites according to the following schedule. 



were immunized with purified live 




1x10' sporozoites intravenously (i.v.) 

6x10'= sporozoites intraperitoneally (i.p.) 

6x10* sporozoites i.p. 

3x10' sporozoites i.p. 

Pre-fusion immunization boosters 

5 X 10« sporozoites i.v., 5 x 10^ sporozoites i.p. 

same as Day 1 

fusion of hyperimmune splenocytes and myeloma cells 



The serum from each mouse was tested for anti-sporozoite antibodies by ELISA with punhed sporozorte 
proteins, by Western blotting assays with solubilired sporozoite proteins. '^"^"n°P;»°" 
Lied sporozoite surface prciteins. and by immunofluorescence assays with P"^'f*«d^P^™^. 
mouse with the highest sporozoite antibody reactivity (mouse 107-2) was chosen for the pre-fusion 
Zuni^ln boosters (seeV.g. 1 for ELtSA an^ysis of this antiserum). On the fifth day. the mouse was 
killed and the spleen was removed for the preparation of splenocytes. 



1.3. CELL CULTURE AN13 CELL FUSIONS 

Two days before fusion, splenocyte feeder cells were prepared from naive mice i" complete medium 
riscove's modified Dulbecco's medium {MDU. Gibco) with 10% FBS. glutamine (2.0 mM^. and 2- 
S^^anoMlOO .m Pius HAT (100 .1. hypoxanthine 0.4 uM -J-P^-;" 
Usina a modification of the procedure of de SI. Groth et al. [J. Immunol. Hflethods 35.1 (1980)], 10 spleen 
cerwere fu~ 10- pIl^O mc^e myeloma cells. Any other myeloma cell suteble for the prep^a^on 
01 hybridomas could be used. A number of such myeloma cells are known and available to the man skilled 

'^'^fcells were mixed, pelleted by centrifugation and resuspended under constant gentle agitation in ^.0 
ml of 35% (vol/vol) polyethylene glycol in Ili/IDM at 37 C over 1 minute. After 3 minutes of incubation at 
3^ C, ml c^rv^re'^elleted again'and genfly resuspended in 10 ml of IMDM . HAT The ce s v^re then 
diluted to 1 X 10* eells/ml in complete medium + HAT and dispersed into 24-well microliter plates (1 
ml/well) containing 5 x 10* splenocyte feeder cells in 1 ml ol complete medium. 

Hybrldoma supematants were assayed for anS-sporozoite antibodies by EUSA witt, punfied sporozoites^ 
by Western blotting with sporozoite proteins, by immunoprecipitation with .»l-labeled sporozoite surface 
proteins and by immunofluorescence with purified sporozoites and with sporozoite..nfected cells. The 
hybridomas were cloned by limiting dilution. 
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1.4. SP0R020ITE ELISA 

Purified sporozoites (4 x 10*) were added to each well of a 96-well U-bottom PVC plate which had 
previously been blocked with t% BSA in PBS, pH 7.0. The sporozoites were sedimented to the bottom of 
5 the wefis by centrifugation at 1000 x g for 5 minutes. The sporozoites were resuspended in 100 ul of diluted 
antiserum or hybridoma supernatants and incubated for 2 hours at room temperature witfi constant 
agitation. The sporozoites were then washed with 1% BSA in PBS. pH 7.0. to remove unbound antibody. 

To detect specific antitx)dy bound to the sporozoites. 100 al of peroxidase-conjugated goat anti-mouse 
IgG were added to the resuspended sporozoites, and the suspension was incubated for 2 hours at room 
TO temperature. The sporozoites were washed, and bound antibody was visualized by adding substrate 
solution (o-phenytenediamine, 0.4 mg/ml in 0.1 M citrate buffer, pH 4.5.. 0.12% hydrogen peroxide) for 30 
minutes at room temperature. The reaction was stopped by the addition of 2.5 M HzSOi containing 50 mM 
sodium metabisuifite. The amount of bound antibody was determined by reading the ODtaa of the substrate 
color. 

75 From a total of 480 wells plated from the cell fusion. 432 were positive for hybridoma growth. Of these. 
358 hybridomas tested positive for antibody production in the primary sporozoite ELISA. During expansion 
and passage of these original parental hybridoma celts, 104 died or stopped producing antibody and thus 
were negative in subsequent screenings with the sporozoite EUSA and Western blot assays. The sporozoite 
ELISA identified 205 hybridomas which were producing antibody at lOX tjackground levels. 

20 

1.5. WESTERN BLOTTING OF SPOROZOITE PROTEINS 

Purified sporozoites (approximately 5x10' sporozoites per mi per gel) were solubilized in Laemmli 

25 sample buffer, separated by SDS-polyacrylamide gel electrophoresis In either a 12.5% gel or a 7.5 to 20% 
gradient gel (Laemmli, supra) and electrophoretlcally transferred to nitrocellulose sheets. The sheets were 
blocked in 3% gelatin buffer (3% gelatin, Tris-HCl, pH 7.5, 0.15 M NaCI) and cut into strips, and the strips 
were allowed to react with diluted antiserum or hybridoma supernatant for 12 hours at 4*0 in 1% BSA 
buffer (1% BSA, 50 mM sodium phosphate, pH 6.5, 0.5 M NaCI, 0.05% Tween-20). The strips were washed 

30 in PBS, pH 7.4. 0.05% Tween-20 and the specifically bound antibody was detected with a peroxidase- 
conjugated anti-mouse antibody. The bound antibodies were visualized by adding substrate solution [4- 
chlorp-1-naphthoI (30 mg dissolved in lO ml of ice cold methanol and 50 ml of Tris-HCl, pH 7.5), 0.15 M 
TMaCI, 0.015% final concentration H2O2] for 30 minutes at room temperature. The reactlorf was terminated 
by extensive washing with distilled water. 

as Of the antibodies that were positive in the sporozoite ELISA, 160 were also positive by Western blotting 
analysis using solubilized sporozoite proteins. 

Western blot analysis (see Rg. 2) showed that the monoclonal antibodies fell into one of three reactivity 
patterns: (a) those which bind single Bmeria proteins (e.g., IIAI and IIDI), (b) those which bind to 2 or 3 
proteins (e.g., 6A5 and 20C6) and (c) those which bind to multiple proteins (e.g.. 11A5. 13A6 and 1485). 

40 The antibodies were further characterized by Western blot analysis using E. tenella merozoite and E. 
acervulina sporozoite proteins (Fig. 3). A number of antibodies, including 3A5. 13A6, 7D1 and 20C6, 
recognized proteins isolated from sporozoites of E. tenella and E. acervulina and from merozoites of E. 
tenella. Other antibodies, such as 6A5, were shown to be species and stage specific and to bind only to 
proteins from E. tenella sporozoites. 

45 A summary of results obtained on some of the antibodies is shown in Table 1 , in which the specificity 
of the antibodies is shown both in terms of (a) the origin and size of the protein(s) in the gels to which the 
antibodies bound and (b) the size of '^l-labeled Eimeria tenella proteins precipitated by the antibodies 
(right column). The antibodies are further characterized in the Table by isotype. 

50 



55 
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TABLE 1 



35 



WESTERN BLOT ANALYSIS 



5 


Antibody 


Isotype 


Eimeria Protein (gel size in kd) 


nf 

Prntfiin Pnt 


Tenelta 


Acsrvulina 


Maxinna 


Spz 


Mrz 




Sp2 




10 


7B2 


G2a 


>^UU 






• 


- 




7D4 


Gi 


1 on 


1 on 


120 


- 


110 




7D1 


Gi 




1 £\i 


120 


N.D. 


110 




20C6 


Gi 


i on 


1 on 


120 


N.D. 


110 




3A5 


M 


1 on 




120 


17 


120 


15 


19D6 


G3 


1 on 


1 on 


- 


- 


120 




8A2 


Gaa 


37 


37 


- 


- 


37 




6A5 


Gzb 


10 /ID 




- 


- 


25 




1485 


N.D. 


>150 


N.D. 






N.D. 




1583 


N.D. 


>150 


N.D. 






N.D. 


30 


14B1 


G3 


6 


6 






24/17 




12B2 


G3 


28/26 








24/17 




15 A3 


Gt 


28/6 








17/15/6 




15C4 


M 


28/26 








105/15/6 




12C3 


G3 


28 




N.D. 


N.D. 


25 


35 


566 


G3 




N.D. 






6 




3C4 


M 


m 


m 


m 




70 




16D2 


M 


m 


m 


m 




70/85 




13A6 


M 


m 


m 


m 




110 




1186 


G3 


m 


m 


m 




105 


30 


12A3 


Ga 


m 


m 


m 




24/17 




12D4 


Gi 


m 


N.D. 






N.D. 



Spz and Mrz are abbreviations 
Q and M refer to IgG and IgM, 
m indicates that the antibodies 
more than 200 kd in size. 
Values Indicated by N.D. were not determined. 



for sporozolte and merozoite. respectively, 
respectively. 

bound to multiple proteins ranging from 24 to 



40 

1.6. IMMUNOPRECIPITATION OF ^g|-LABELED SPOROZOITE SURFACE PROTEINS 

The surlace proteins of purified sporozoltes were labeled with i2S| by the lODOGEN method (Pierce 
45 Chemical Co.) or by use of lODOBEAOS (Pierce Chemical Co.). For the latter procedure. 4 lODOBEADS 
were washed 3 k with 0.2 M sodium phosphate, pH 7.5, and 1-3 mO of ^^si-Na were added and Incubated 
for 5 minutes at room temperature. Purified sporozoltes (3 x 108) in 200u! of PBS. pH 7.0. were added to 
the reaction vial, and the incubation was continued for 15 minutes. At the end of the incubation, 
phenytmethanesulfonyl fluoride (PMSF) was added to a final concentration of 0.5 mM, 
50 The sporozoltes were recovered from the incubation mixture by centrifugation at 12.000 x g for 30 
seconds and solubilized in 1 mi of either 2% sodium dodecysulfate (SDS) or 1% Triton X-100 in PBS, pH 
7.0. Insoluble material was removed by centrifugation for 3 minutes at 12,000 x g. The solubilized 
sporozolte proteins were dialyzed against 3 liters of PBS, pH 7.0, at 4* C using a 3,500 molecular weight 
cutoff membrane to remove any residual free '".|. The i»l-labeled sporozolte proteins (typically 1.5 x 10^ 
55 cpm incorporated into protein) were stored at 4*C until used. The TCA precipitable radioactivity was 
typically in excess of 95% of the total radioactivity. SDS polyacrylamide gel electrophoretic analysis of the 
'25|-labeled sporozite proteins is shown in Fig. 4, left panel. 

Immunoprecipitation was carried out by adding 300 Hi of hybridoma supernatant or diluted antiserum to 
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250 ul of '=5|-iai3el8d sporozoite proteins (1 x 10= cpm) in Buffer I (0.25% NP-40. 10 mM Tris-HCI, pH 7.5, 
0.15 M NaCI). Following incubation for 16 hours at 4*C. 100-200 ul of a 50% suspension of goat anti- 
mouse IgG coupled to agarose (Sigma Chemical Co.) were added, and the mixture was Incubated on a 
rotating mixer for 2 hours at room temperature. The beads were pelleted by centrifugation for 1 minute at 

5 12.000 X g and washed 3x in Wash Buffer (0.1% SDS. 0.5% NP-40, 0.2% sodium deoxycholate. 10 mM 
PMSF. 10 mM Tris-HCI, pH 8.5. 0.15 M NaCI). 

The '25i.|abeled proteins bound to the solid phase antibodies were released and denatured by adding 
60 al of 2 X Laemmli sample buffer and heating for 3 minutes at 95* C. The immunoprecipltated '^s labeled 
sporozoite proteins were separated by SDS-polyacrylamide gel electrophoresis in a 12.5% get and 

10 visualized by autoradiography. 

The results of the immunoprecipitation assay with the immune mouse serum are shown In Rg. 4, right 
panel. Of the hybridoma antibodies that were positive by sporozoite ELiSA, 74 were positive by Im- 
munoprecipitation assay. As shown in Rg. 5, the hybridoma antibodies fell into two categories, those which 
precipitated only single proteins (e.g.. 3C4. 6A5. 7D4. 8A2. 11D2 and 20C6). and those which precipitated 

75 two or more proteins (e.g.. 12B2, 15A3. 15C4 and 19D6). 



1.7. IMMUNOFLUORESCENCE ASSAYS WITH PURIFIED SPOROZQITES 

20 Sporozoites (1 x lO^) were added to S-chambered slides (Lab Tek) in PBS. pH 7.0. and air dried at 
37 *C for 12 hours- The slides were blocked with 10% normal goat serum for 2 fiours at 37* C. Diluted 
antiserum or hybridoma supernatant were added to each chamber and incubated for 2 hours at room 
temperature. The slides were washed, and a rhodamlne-conjugated anti-mouse antibody (diluted in PBS. pH 
7.0, 0.3% Triton X-100) was added for 1 hour at room temperature. After washing the slides, the bound 

25 antibody was visualized by fluorescence. 

Most of the antibodies showed specific immunofluorescence either to the surface membrane and/or to 
the retractile body of air-dried sporozoites (Rg. 6. panels A and B). Some antibodies intensely stained the 
apical tip of the sporozoite and only lightly stained the remaining sporozoite surface (Rg. 6, panel C). A 
representation of the air-dried purified sporozoites can be seen in Fig. 6. left hand slides of panels A, B, C 

30 and D. The purified sporozoites were intact and elongated and showed the prominant large posterior 
retractile body (PRB) and the smaller anterior retractile body (ARB). The apical end (A) of the sporozoite 
was opposite the posterior retractile body. There was also slight contamination of the preparations by irrtact 
sporocysts (panel B, left slide) and broken sporocyst membranes. 

35 

1.8. SUMMARY OF ELISA, WESTERN BLOT. IMMUNOPRECIPfTATION AND IMMUNOFLUORESCENCE 
RESUUfS 

A summary of results from the above analyses of 55 monoclonal antibodies is shown in Table 2. 

40 



45 



50 



55 
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TABLE 2 



SUMMARY OF MONOCLONAL 7WTIBODY RNRLYSES 



WESTERN BLOT 



10 



20 



25 



30 



35 



40 



45 



Antibody Spz 



E, tenella Low 



E. acervultna E. tenella 



spz. 



3C4 










iLB6 






+ 




12R5 










14D4 


Ml 




+ 


4 


15 B6 










17R5 






T 




I8B6 




+ 


1 

T 




19C6 


Ml 


+ 


+ 




2aA2 


Ml 


+ 


+ 


i 


20B4 


«I 




4- 




11C4 


«2 




T 




12R3 


u5 

M* 








13A6 


..■7 


+ 


T 




14B6 


..7 








14D1 


m2 








9B2 


m3 


+ 


+ 




12BI 


m3 


+ 






14C6 


m3 








15C4 


m3 


+ 






I6D2 


m3 








20C3 


m3 


+ 




»- 


3A5 


120 


+ 


+ 


f 


6A4 


120 








701 


120 




+ 




7D4 


120 




4 


4 


10A6 


120 


4 






1XD2 


120 








14A1 


120 








17B6 


120 








17C6 


120 








19D6 


120 


+ 




1 


20C6 


120 


+ 


4 



1,2,4 
1 

1,3,4 
1,4,7 
1 



1,2 
5 
1,4 

1,6 
1,4,7 
1.5 
1,4,7 



5 
6 

6 

3 

3 



Immuno- 

60-80 
105 

66 

20-24 
150/83 
-[25/20, 
166/60 
25/20 
66/60 
86/60 



22/24 
110 
105- 120 
120 

66/45 

26-28 

105 

105 

60-80 

14-17 



1,2,4 


110 


5,1 . 


110 


1,2,6 


105 


4,1,2 


105 


6,1 


110 


1,6,7 


120 


8,1 


105 


3 


120 


1,2 


110 



50 



55 
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TABLE 2 {continued) 

WESTERN BLOT 



E. cenella Low E. acervullna E. teneLla Iramuno- 
Rntlbodv Spz.^ Sp2.t> spz.c Piz.d iFflS ppt. ^ 



10A5 


>L50 




- 


7,5 


105 


ll.i\D 








■a 








4. 






>200 


llBl 


>L50.200 




- 


1,7,6 


27 


11D4 


120/24 


-f 




1 




LiD6 


120/24 






2 




12C3 


120/24 


+ 


- 


1,8,2 


25 


L5B2 


120/24 


+ 


+ 


t 3 


- 


L5A3 


90/10-14 


+ 








14C3 


60 




_ 


1.4 


$ 


L4A5 


120/6 






1,3,6 


6 


8A2 


37 


+ 


+ 


1,4 


37 


6A5 


28, 10-14 






1,6 


25-28 


LLAl 


24 


+ 




1.6 




IICL 


24 


+ 








L2B2 


24 






1,5 


24/120 


12C6 


24 


■I- 








16BI 


24 


+ 




1.4 


6/14-17 


L805 


24 


+ 




1,6 


48/25/6 


20C4 


24 






1,3 


5/14-17 


14BL 


< 6 


+ 




1,6 


20-24 


10A2 








1,2,4 


6/105 


5B6 








1.6 


6/17/15 



a. Values shown are the molecular weights ol E. 
tenella sporozolte (Spz.) proteins recognized by 
the antibodies in Western blots or groups oC 
recognized proteins having molecular weights of 
40-150 led (m1). 120 and 80-150 kd (M^) and 25 
and 40-150 kd (M^). 

b. Western blot assays, were performed with 1/5 the 
usual amount of E. tenella sporozolte (Spz.) 
protein. Antibodies showing a positive reaction are 
thus of higher affinity. 
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c. 



western blot reactivity Is shown against E. 
acervuLina sporozoite (Spz.) proteins. 



d. western blot reactivity is shown against E. tenelU 
merozoite (Kz.) proteins. 

e. iramunafluorescence assay (IFA) staining pattern 
results are summarized for indirect assay of 
air-dried E. tenella sporozoites as (1) surface, 
(2) tip* (3) patchy surEace, (4) bright surface, 
(5) Light surface, (6) diffuse surface, <7) 
refractiie body and (8) punctate staining. 

£ Molecular weights of I25i.iabele<l B. tenella 

sporozoite proteins captured by the antibodies in 
inimunopreclpitation (Inmunoppt.) assays are shown. 



Monodond antibodies 7D4. 7D1. 20C6. 8A2. 6A5 and 7B2, which am P^fe^^d have beer deposl ed n 
the form of hybridoma cells secreting these monoclonal antibodies with the Amencan Type Culture 
Colled 230. Parklawn Drive, Rockvilte. Maryland, U.S.A. under the P'°:l''<'"^ °'ZT'^^^T 
and assigned accession Nos. HB 9707, HB 9708, HB 8709, HB 9710, HB 9711 and HB 9712, respectively. 

1.9. IN VITRO INFECTION ASSAYS 

Primary chicken kidney epitheli^ cells were established according to tf-e "Iiethod of °^^ ^)^-^- 
Protozool. 25:544 (1978) and grown to 40-50% confluenoy in 4-chambered Ub-Tek ^l'-^^^- (M^'"" 
D^by boviFS kidney) cells (ATTC-CCL 22) were also used in place of the chrcken kidney 9P»«^^"''- 

T^e cells were inoculated with 50,000 or 200,000 purified sporozoites. At 16 hours postHnferton. me 
cell monolayers we^ washed several times to remove any sporozoites which had riot P«J'^«^^ me cells. 
RepresentaL inoculated cell culh^res were fixed in 100% methanol (room ^'^PriTpBS nH 7 0 J V C 
16 24 48 64, 9S and 120 hours post-infection Rxed slides were stored m 1% BSA in PBS, pH 7^0, at 4 C 
untti pmcessed for immunofluorescence as described above. Staining patterns obtained wrth vanous 

antibodies are shown in Fig. 7. _ 

Between 3 and 24 hours after infection, the fixed curtures revealed intracellular sporozoites (f=ig 7, 704 
at 3 hours and 8A2 at 19 hours). At later times, the sporozoites degenerated to retractile bodies only (704, 
M) hrst^rsurface and apical tip of the intracellular sporozoites stained brightiy with antibody 704 (Rg, 7, 
7D4 at 3 hours), but this antibody did not stain the surlace of the infected cells. , . 

After 24 hours, the sporozoites began to degenerate and develop into schlzonts that matijred dunng the 
follbwing 48 hours. Antibody 704 continued to react with the degenerating sporozoites but did not react wKh 
the Immature schizonts (Rg. 7, 704. 60 hrs). As the schizonts matured, however, 704 began to r^ with 
™s wTth!^ the schfzonts (Rg. 7, 704, 100 hrs). These structures were the developing merozoltes. ^d 
antibody 704 continued to react with a surface antigen of the mature and released merozoites (Fig. 7, 704. 

^^"ttTus 704 identified a 120 kd membrane antigen which was present on E. tenella sporozoites and 
merozoites. This antigen was not expressed during the schizont stage of parasKe development until 
immature merozoites developed within the schizonts. ' ^ ^ 

Lbody 14B1 Showed a pattern of reactivity similar to that of antibody 704, stoning Hie surface and 
tip of the inti-acellular sporozoites (Rg. 8, 14B1. 16 hrs) and showing diffuse staining of the cytoplasm in the 
immediate vidnity of the intracellular sporozoite. The antigen recognized by 14B1 ,s present on the aprcal 
tip of the immature merozoite within the mature schizont (Fig, 8. 14B1, 100 hrs) and fP'«^ *P °' 
mature released merozoites (Fig. 8, 14B1. 120 hrs). The staining patterns exhibited by f"«"».*«= 
14B1 are similar, but the proteins these antibodies recognize have very different molecular weights of about 
120 and 6 kd. respectively. 
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Although antibodies 7D4 and 14B1 reacted with most stages of parasite development, other antibodies 
reacted only with surface antigens {Fig. 7, 15A3) or with the refractiie body (Rg. 7, 7A2) of intracellular 
sporozoites and not with the schizonl or merozoite stages of the parasite. 

Two unique antibodies, 8A2 and 19D6, were identified by the infection assay. Antibody 8A2 reacted 
5 with a 37 kd protein present on the surface of sporozoites (Fig, 7C, 8A2, 19 hrs), in all stages of the 
developing schlzont (Fig. 7C. 8A2, 120 hrs) and on the surface of released merozoites {Rg. 7C, 8A2, 120 
hrs). Unlike the proteins recognized by antibodies 704 and 14B1, the 37 kd protein was synthesized 
throughout the intracellular development of the parasite. 

Antibody 19D6 reacted not only with a 180 kd sporozoite surface protein, but also with a protein in the 
w cytoplasm of the sporozoite-infected cells (Fig. 8. 19D6 at 3 hours). The cytoplasmic protein recognized by 
antibody 19D6 might have been shed by the sporozoite after cell infection, since the protein disappeared 
during immature schizont development and reappeared in the mature schizont and in the released 
merozoites (Rg. 8B. 1906, 120 hrs). 

Seaim antibodies from chickens which have survived an E. tenella infection stain the apical tip and 
T5 surface of intracellular sporozoites (Fig. 8B. immune Chick Sera, 3 hrs) in a pattern similar to the staining 
pattern of antibody 704, but not the refractiie bodies of the intracellular sporozoite. 

The Immunofluorescence studies with sporozoite-infected chicken kidney cells identified antigens which 
were (a) specific to the sporozoite (e.g.. the greater than 200 and 28 kd proteins recognized by^antibodies 
782 and 6A5, respectively), (b) found in all stages of the intracellular parasite (e.g.. the 37 kd protein 
20 recognized by 8A2) and (c) specific to sporozoites and merozoites but not to the schizont {e.g., the 120 and 
6 kd proteins recognized by antibodies 704 and 14B1, respectively). 



1.10. IN VITRO SPOROZOfTE NEUTRALIZATION ASSAYS 

25 

In a modification of the method of Schmatz et al.. J. Protozool. 33:109 (1986). MDBK cells were 
trypsinized and suspended in Minimal Essential Medium (Gibco) supplemented with 1 % FBS at a density of 
7.5 X 10*- cells/ml. To each well of a microtiter plate (tissue culture treated 96-well), 1.5 x 10* cells were 
added and incut)ated for 48 hours at 40' C. Purified sporozoites were either pretreated with antibody for 1 

30 hour at 40 *C or left untreated prior to infecting the cell monolayers. The antibodies (either tissue culture 
supernatants, ascites fluid or antiserum) were extensively dialyzed against PBS, pH 7.0, heat inactivated at 
56* C for 30 minutes and sterile filtered before use. 

Immediately after infection. [5.6pH-uracil was added to all wells to give a final level of 5 uCi/ml. At 19 
hours post-infection, the medium was removed and the cultures were washed once with PBS. The cells are 

35 released with trypsin-EDTA for 15 minutes at 40* C and harvested onto glass fiber filters. The filters were 
dried, placed in scintillation fluid (READY-SOLV®, New England Nuclear) and counted for bound radioactiv- 
ity. The ability of the antibodies to inhibit sporozoite penetration and/or development was determined by the 
radioactivity incorporated into cells infected with unti-eated sporozoites, compared to cells infected with 
antibody-treated sporozoites. 

40 Sporozoites were also preincubated with control antibodies, buffer or tasalocid, a coccidlostatic drug. 
Lasalocid completely blocks sporozoite development within the MDBK cells and greatly reduces the 
incorporation of ^H-uracil. 

The results are shown in Fig. 9. where it can be seen that antibodies 7D4 (o), 8A2 (O) and 14B1 (®) 
significantly inhibited ^H-uridtne incorporation into the Infected MDBK cultures. Antibody 6A5 (o) was less 
45 effective but showed some inhibition. Treatment with buffer (A) and control antibody (X) produced no 
inhibition, while lasalocid ( * ) produced essentially complete inhibition. 



2. CONSTRUCTION OF cDNA EXPRESSION LIBRARIES 

50 

2.1. PREPARATION OF SPORUUTING OOCYSTS 

Ceca were removed from 3-week-old chicks (Hubbard Cross; Avian Services, Frenchtown, New Jersey, 
55 U.S.A.) 7 days after oral inoculation with 50.000 E. tenella sponilated oocysts per bird and ground in a 
Waring blender with distilled water for 1 minute. The volume was adjusted to 1 liter with distilled water, and 
Pepsin (Sigma Chemical Co., St. Louis, Missouri, U.S.A.) was added to 3 g/l. The pH was adjusted to 2.0 
with concentrated HCl, and the mixture was incubated and stirred for 2 to 3 hours at 39* C, or until a single 
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oocyst suspension was observed. Alter digestloa, the pH wes adjusted to 8.0 vith 10 N NaOH, and 3 liters 
fdif Jed were added. The mixture was allowed to settle ' J^^^f^P-;;" '^^^ 

M e..Him«nh wa*: washed with water until the supernatant was clear. The oocysts were 

5 stopped after 24 hours for RNA preparation. 

2.2. tSOUVTION OF SPORULATING OOCYST mRNA 

guanidinium isothtocyanante. 50 mM Tns-HCl. 10 mivi ^^V'^^'^" mnrrantoethanol oH 7 4 with 5 Rl 
Sarkosvl (sodium N-lauroyi sarcosine, Sigma Chemical Co.) and O.i M ^-mercaptoethanoi. pM ^'^JJ^ 
of An^fo^^^^^^ Danbury. Connecticut. U.S.A.) or another anmoaming agent preferably added. 

ml in mM Tris-HCI t mM EDTA. 1% sodlum dodecyl sulfate (SDS). pH 7.5, witn <iuu '^Q/'tii ui 

*"p"yldenyuLd Z^W') "NA was prepared by twice passing about 2 mg of _totai RNA over an ollgo- 

ug. as calculated from the optical density at 260 nm. 



TO 



ts 



20 



zs 



30 



35 



40 



45 



2.3. PREPARATION OF MER020ITES 



' Merozoites of E tenella v/ere harvested from the ceca of 50 infected chickens (3 ^^J^ 
Cros"1Jlces. Frenchtown. NJ) 5 days after infection wim 50.000 °* ^^^^^^^^^^^^^ 
□er bird The ceca were removed and washed with phosphate buffered saline tP^S) for 15 minutes on a 
maanetic^'ef ^e epithelial debris was partially removed by low speed centnfugat.on (50 x g), and the 
S mero^^^^^^^^ by centrifugation at 2^000 x g ? 

resuspended in Lysing Buffer (8.29 g/1 NH.Cl. 0.372 g^ Na.EDTA. 1.0 9^ KCO3. pH '"^^^^^^^^ 
ice for 30 minutes. The merozoites were collected by centrtfugabon washed once n and passed 0^^^^ 
a coLn containing 1.0 g of spun nylon fiber (Scrub Nylon Fiber. Fenwail Laboratones. Deerfield IHrnois^ 
U S A ) in a separatory funnel. L merozoites were collected by centrifugation as before frozen on dr^ 
lie for RNATsolation or further purified in dietfiylaminoethyl cellulose (DEAE. Whatman DE52. Whatman. 
Clifton New Jersey. U.SA) for Western blot analysis. ,. ^ • ddo *^ a m mi 

Tor purification in DEAE cellulose, approximately t x 10- memzoltes ^l-edin PBS to a tflum^ 
bed volumn column and eluted with PBS. The merozoites wer» recovered ,n the first 100 ml of Hov. 
through, essentially free of red blood cells and other cellular debns. 



so 



55 



2.4. ISOLATION OF MEROZOITE mHNA 



Frozen merozoite pellets containing 1 x 10' to 1 x 10» organisms were thawed '"^^" 'T' 
buffer (0.2 M Tris HCl, 0.1 U UCI, 25 mM EDTA, 1% (w/v) sodium f °''«^'/"'^'^f A 
conBin no 1 miw dlthiothreitol (DTT) and 300 units of RNasin (Promega B.oteo, Madison Wisconsin, U.SAO 
fn toSenT^ lm 10-12 strokes in a teflon-coated tissue homogenizer. Insoluble debns was separated 

y ceX«- 'n cold a, 3,000 x g. The ^"^^'"^"^ j'f Zl^T^eT 
nol:chlorotorm:lsoamyl alcohol (24:24:l.v/v) which had been equilibrated with the TEL buffer. 
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The aqueous phase was digested with 100 tig/ml proteinase K at 37* C for 30 minutes and reextracted 
with an equal volume of phenol :ch lore form (1:1). and the nucleic acid was precipitated with two volumes of 
ethanol for 1 hour on dry ice. or overnight at -20 'C The pellet, after centrifugation at 10,000 x g for one 
hour, was resuspended in TE (10 mM Tris. pH 7.5. 2 mM EDTA) and spun through a 4 ml CsCI cushion 
5 (5.7 M CsCI. 0.1 M EDTA) at 150.000 x g for 20 hours at 1 5* C. The RNA pellet was reprecipitated from 02 
M potassium acetate with 2.5 volumes of ethanol. This total RNA was passed once over oligo-dT cellulose 
to enrich for poly(A)* RNA. as described by fy/laniatis. supra, page 197. A typical yield of 1.9 mg of total 
RNA from 5x10^ merozoites contained approximately 20 ag of poly(A) RNA. 

10 

^5. SYNTHESIS OF OOCYST AND MEROZOITE cDNAs, AND INSERTION If^O PHAGE VECTORS 

Double-Stranded cDNA was synthesized from 6 ng of the sporulating oocyst poly (A)* RNA as 
described by Gubler et al.. Gene 25:263 (1983). using reverse transcriptase (BRL) to elongate from an 

T5 oligo(dT) primer and RNase (BRL) and E. coti DNA polymerase I (New England Biolabs) to synthesize the 
complementary strand. The double-stranded cDNA was then blunt-ended with T4 DNA polymerase (BRL), 
and Eco Rl linkers (GGAATTCC, Collaborative Research) were added after treatment with EcoRI methylase 
(New England Biolabs), following the manufacturers' protocols. 

After digesting the thus prepared cDNA with EcoRI. a library was prepared in \gt11 (Stratagene Cloning 

20 Systems, San Diego. California, U.S.A.) as described by Huynh et al., in D. Glover (ed.). DNA Cloning Vol. I: 
A Practical Approach. 19B5. IRL Press. Washington, D.C.. pp. 49-78. The EcoRI cDNA fragments were 
ligated to EcoRI digested, dephosphorylated Xgtll arms (Stratagene Cloning Systems), and the resulting 
DNA was packaged into phage with the Gigapack® kit (Stratagene Cloning Systems), following the 
manufacturer's protocol. 

25 The resulting library was amplified by plating on Y1088 host cells (ATCC No. 37195). The percentage of 
recombinants was estimated from the ratio of blue to colorless plaques on X-gal plates (Maniatis, supra, 
page 24) in the presence of Isopropyl-^-D-thiogalactopyranoside (IPTG, Sigma Chemical Co.) to be about 
90%. 

Double-stranded cDNA copies of the merozoite poly(A)'RNA were synthesized essentially as described 
30 above. The double-stranded cDNA used in the construction of the library contained from about 200 to 4,500 
base pairs (bp), as judged by migration in denaturing gels [Bailey et al., Anal. Biochem. 70:75 (1976)]. 

The merozoite cDNA was methylated and ligated to EcoRI linkers as described "above, except that 
CCGAATTCGG linkers (Collaborative Research) were used. 'Following digestion with EcoRI, the cDNAs 
were fractionated in Biogel A-50M to remove excess linker molecules and cDNAs smaller than approd- 
35 mately ZOO bp, as described by Huynh et al., supra. 

The cDNAs were ligated to Xgtl 1 arms, and the DNA was packaged into phage as descrit)ed above. 
The resulting library, which contained about 50,0(X) phage, was amplified by plating on Y1088 host cells. 
Plaque analysis on X-gal plates in the presence of IPTG showed about 90% recombinants, 

40 

3. IMMUNOLOGICAL SCREENING OF cDNA LIBRARIES 

The Xgtl 1 merozoite cDNA expression library was plated on Y1090 cells (ATCC No. 37197) at a density 
of about 10.000 plaques per 150 mm plate. Six such plates were incubated for 3.5 hours at 42* C, 

45 overlayered with nitrocellulose filters previously soaked in 10 mM IPTG to induce the expression of the ^- 
gaiactosidase fusion protein, and incubated for an additional 4-5 hours to overnight at 37 *C. The filters 
were removed from the plates and subjected to several batchwise washes with TBS (20 mM Tris, pH 8.0, 
0-15 M NaCI). Non-specific protein binding sites were blocked by incubation in 20% fetal calf serum (PCS) 
in TBS for 2-4 hours on a rotary shaker, at 4* C. 

50 Ascites fluid for nine monoclonal antibodies known to react with merozoite antigens (designated 7D4, 
7D1. 20C6, 13A6, 20C1, 11B6, 3A5, 13A1 and 15B2) was pooled, adjusted to 20% FCS and 0.15 M NaCI in 
a final volume of 100 ml and applied to each of the filters in petri dishes, two filters per dish. The filters 
were incubated with the primary monoclonal antibody pool at 4*C overnight on a rotary shaker. Unbound 
antibody was removed by washing the filters 5-6 times with TBS at room temperature. Bound antibody was 

55 detected by incubating the filters with goat anti-mouse horseradish peroxidase (HPOD) conjugate 
(Boehringer-Mannheim). followed by color development using 3 mg/ml 4-chtoro-1-naphthol (Bio Rad) and 
0.018% H2O2, as described by Hawkes et at., Anal. Biochem. 119:142 (1982). 

Positive plaques identified in the initial high density screen were plaque-purified in a secondary screen 
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I I .«f:h,.riv nnn! Each Dositive was assigned to an individual monoclonal from the 
usinq the same monoclonal antibody pool, tacn posmve wao y tran<!fnrr»ri tn 



methods were used to screen the sporulaShg oocyst cDNA library, except that a pool ot 
Similar metnoos weic uscu ^ ^ -nce was used for the initial screening; 

^B°2 1« a^crrr^dtfsLo^d s« a^lfAa, Tea .d 20C6 we. used in a mird 
Ue different 'nserts having sizes of approximately 11 50. 890 and 61 S bp were thus found. 



4. EXPRESSION Of= EIMERIA SENES IN E. COLI 

~ The 1 1 Kb and 0.9 Kb EcoRI DNA molecules from phages XS1-7 and XSI -3 respertlvely, were isolaed 

riboflavin. Trace elements per liter of broth Included 2.7 mg of 
FeCU-SHaO; 0 8 mg each of ZnSO*-7H20 and 
CuSO*-5H20; 0.7 mg each of C0CI2-6H2O and 

lysed by boiling for 5 minutes in Laemmli sample buffer (0.125 M Tns. pH 6.8, 1 /- (w/v) bUb. m p 
mercaptoethanol. 001% faromophenoi blue (w/v), 20% (v/v) glycerol). 
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The equivalent of 1.0 ml of culture was resolved by electrophoresis in a 12.5% SDS-polyacrylamide gel, 
transferred electro phoreticaily to nitrocellulose and probed as descrit«d above with a pool of the three 
monoclonal antibodies {7D1. 7D4 and 20C6) which identified the Xm2-4 phage. Development of the Westem 
blot revealed a fusion protein of greater than 150 kd size which was present in the induced lysogen (Rgure 
5 10. panel B. Lane 2). Antibody specific for ^-galactosidase also reacted with this high molecular weight 
protein, and to a protein of approximately 114 kd, the expected size of ^-galactosidase alone (see Fig. 10. 
panel A, lane 2). 

The phage Xm2-4 DNA was digested with EcoRI to produce a1.7 kb DNA molecule. This molecule was 
subcloned into an EcoRI-linearized plasmid pool containing plasmids pEV-VRFl, 2 and 3 [Crowl et al. 

10 supra] and transformed into E. coli strain MCI 061 containing plasmid pRK248clts. as described above. 
Transformants were screened for expression of an immunoreactive protein upon temperature induction, 
using the pool of three monoclonal antibodies shown to react with the fusion protein In the Xm2-4 lysogen. 
The immunoreactive recombinant protein was further characterized by Western blot analysis of the E. coli 
lysates. employing one of the three monoclonal antibodies. 7D4. from the pool. Each of the positive 

T5 colonies was found to contain plasmid DNA with the expected 1 .7 kb insert, and to direct the synthesis of a 
protein of approximately 65 kd upon induction, as determined by SDS-polyacrylamide gel electrophoretic 
analysis. 

The expression of Vnis 65 kd protein was found to be relatively insensitive to variations in growth 
medium and induction protocol. The protein was recovered quantitatively in the supernatant following sonic 
20 disruption of the cell pellet. 

The expression plasmid containing the 1.7 kb insert was used in the subsequent production of 
recombinant protein and is shown schematically in Rgure 11. This' plasmid was propagated in MC t061 
host cells lysogenic for Xcl857 (prepared using standard methods for the generation of x phage lysogens 
described by Arber et'al., in Cold Spring Harbor Monograph. Lambda 11, 1983, Hendrix et al.. Eds., Cold 
2S Spring Harbor Laboratories, Cold Spring Harbor, p. 450) at 30 ' C, to maintain the repressed state of the Pl 
promoter in the plasmid. 

Using similar methods, expression of a 28 kd protein encoded by a sporulating oocyst cDNA segment 
having about 1.1 kb was caried out. This protein bound specifically to monoclonal antibody 8A2. 
Expression of a 45 kd protein encoded by a sporulating oocyst cDNA of about 1.2 kb was also can-ied out 
30 This protein bound specifically to monoclonal antibody 7B2, 



5. DNA SEQUENCE ANALYSIS 

35 

In genera], small scale isolation of plasmid DNA from 1 ml of saturated overnight cultures was carried 
out using the procedure of Bimboim et al. [Nucleic Acids Research 7:1513 (1979)]. This procedure allows 
the isolation of a small quantity of DNA from a bacteria! colony for analytical purposes. Larger amounts of 
plasmid DNA were prepared using 1 -liter cultures following a standard protocol with cesium chloride 

40 centrifugation. [Maniatis et al., supra, page 93]. 

The DNA sequences of the cDNAs from the sporulating oocyst library were determined by the chemical 
cleavage method of t^axam et al., Methods in Enzymology 65:499 (1980} and by the chain-termination 
method of Sanger et a!.. Proc. Natl. Acad. Sci. USA 74:5463 (1977), as modified for double-stranded 
plasmid DNA by Smith et al.. Cell 16:753 (1979) and Wallace et aJ., Gene 16:21 (1981). In the chain 

45 termination protocol. 7-dea2a-dGTP (Banr et al., BioTechniques 4:428 (1986)] was substituted for dGTP to 
eliminate G-C compression artifacts. 

To facilitate sequence analysis, the 1.1 kb EcoRI molecule from XS1-7 was transferred to plasmid 
pEV3-SEQ (Fig. 12), which has a polylinker next to the EcoRI site of pEV-vrf3. This polyiinker was used to 
linearize the plasmid at the Bam HI and Kpnl sites to generate unidirectional deletions with exonuclease III 

50 (Henikoff. Gene 28:351 (1984)]. The Xbal site in the polylinker was used for s'-end labeling for Maxam- 
Gilbert sequencing of the deletions, and the primer CGGTCGACTCGAGCCA was used for Sanger 
sequencing. This primer was ^^P labeled at its S end using [-y-^PlfiiTP (ION) and polynucleotide kinase as 
described by Maniatis et al., supra, page 122. 

Rg. 13 shows the restriction sites in the 1.1 kb EcoRI molecule used for Maxam-Gilbert sequencing. 

55 The position of the EcoRI sites in the 0.9 kb molecule are also shown, since these were also used. The end 
points of deletions made with exonuclease It! are also shown. These were sequenced either from the Xbal 
site in the pEV3-SEQ polylinker by the fviaxam -Gilbert method or with a primer extension (Rg. 12) by the 
Sanger metiiod. Both stands of the entire cDNA were sequenced by one or both of these methods. Due to 



24 



EP 0 344 SOS A1 



a high G-C content in the DNA, the Maxam-Silbert reactions were usually fractionated in both 8% and 15% 

^"'''^lertrrwi earned ou. by Incubating 1.5 ug o, po^A)* RNA ,..h ^ P-^-' j'^^ 
labeled synthetic oligonucleotide primer, GAGGTCTGCCATTTTQC. for 60 minutes at 42 C m 50 Tns- 
H^f dhTo 8 mM MgSO., 0.1 M NaCI, 2 mM dithiothreitol, 2 mM of each deoxynudeotide triphosphate 
SlP Ph— Fine Chemicals,, 20 units RNasin (Promega Biotec. Madison, Wi) and 20 un,te AMV 
raverse tr^scriptase (Pharmacia. Piscataway, NJ, FPLCpure). The products '^'^ ^^^J'''^^^ 
^olySyS-urea glls used tor sequence analysis, «ith »p.labeled Hpall drgested pBR322 DNA as a 

™'For"e?renra^a,ysis, the primary products were eluted from the ge. and analyzed bv the =he-ical 
■ . jrLrf of luLam at al supra or ddNTPs were used in the extension reaction [Tolan et al., J. 
B^^n")^^^^^^^^ BiOl. Chem. 261:11409 ,1986),. reac«ons were analyzed 

' 'rrS st^'^onhe 1.1 .b CDNA molecule Is shown in Fig. 14. The sequence of the 0.9^ 
mole^u e extends from base 188 to base 1082 within this larger molecule. The arn« acid sequence 
predicted from open reading frame an^ysis of this nucleotide sequence .s show , F.g. 15. The 
correctness of the predicted amino acid sequence shown in f^g. IS was confimied ^ 

Synthetic polypeptides were prepared having amino add sequences corresponding to ^^'^^ 
and 145 IM of pfg 15. Rabbit anSsera raised against both of these polypeptides were used in Western bbt 
^alysis ofb^th total sporozoite proteins and a lysate of the E. coll <^^"f "^'f ^ 
^NA The antibodies against both of the polypeptides bound to proteins in both o "^e We^ern blote. 

Using Liar methods, the nucleotide sequence of the 1.7 kb Insert encoding the 65 kd protein in 
phage "m2-4 was detennined. with the results shown in Rg. 16. The predicted amino acid sequenc^ of *e 
proteti encoded by this DNA sequence is shown in Fig. 17. This sequence was '=<'""""«f' "iL 
seaueni analysis performed on polypeptides produced by tryptic digestion of the express«J 65 kd protein. 
rdesc^lTd ^1^^^^ in L o'verall amino acid sequence corresponding to some of these peptides 

CunS ih"e1?Nrsequence open reading frame for me 1 .7 kb molecule would be expe«ed to encode 
a proto of ^out 33,349 daltons. Yet. the expression product from this DNA fragment migrates in SDS g^ 
Xm^^ apparent molecular weight of about 85 kd. The reason for this '^^^^^^"^l^" ^ ^^"^ 
and obsen^ protein size is unknown. This protein is referred to herem as the 65 kd pmteia 

In a similar fashion, the nucleotide and predicted amino acid sequences of the cONA molecu e 
encoding ^ 28 ^ protein recognized by monoclonal antibody 8A2 were determined, wrth the results 

shown in Figs. 18 and 19. respectively. ■ h, 7BJ pONA were determined 

Similarly, the nucleotide and predicted amino acid sequence of the 1 .2 f ^.^^ cDNA wem ^^^^ 
Since a continuous open reading frame was found and the protein isolated from sporozoites by irn- 
m^opreciplon i Jger than 2^0 kd. the library was screened for larger cDNAs using th« 1-2 J* cDNA 
^ a probe A32 kb cDNA was thus obtained, having the nucleoHde and predicted ammo acid sequences 
shovm in Figs 20 and 21. respectively. 

6. PUninCATlON AND CHARACTERIZATION OF THE 65 KD PROTEIN 

6.1. PROTEIN PURIFICATION 



High cell density fermentation of E. coll MC1061 (pRK24eolts) ^'^'^^_'^\^^^'^-l:^^JZ 
plasmS was carried out in 10-liter fermenters in 1.5 x M-g medium, using standard protocols » tempera^^ 
Son as desaibed above after approximately 4 hours of growth at the pemiissive temperature. The cell 
mass was harvested 5 hours after induction, yielding 500 grams of cell p^te. hci S mM 

Rfty grams of the E. coll cell paste were unifomily suspended in 500 ml of 10 "'M Tris-HCI. 5 mM 
EDTA pH 8.0. and stirred at 2-8- C lor two hours. The suspension was passed through a Gaul n 
homogenizer (APV Gaulin. Everett. Massachusetts. U.S.A.) two to three times at 7.000 psi. The cell lysa e 
was intrlfuged at 24.000 x g for one hour in a Sorvall RC-5 centrifuge, and the pellet '^^f'^^^^^.f^'l 
aTmonlum suHate was added to the supernatant (final concentration 80%)^This was kept a^ 4 C for 
hours and then centrifuged at 24.000 x g tor one hour. The pellet was dissolved in 20 mOfl potassium 
phosphate pH 6.8 After centrifugaton. the supernatant was dialyzed against 20 mM potassium phosphate. 
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pH 6.B. 

A Pharmacia glass column (5 cm diameter x 10 cm length) was packed with NuGei P-DE 200® {200 
Angstrom, 40-60 tJim. weak anion exchange. Separation Industries. Metuchen. NJ) silica support. The gel 
was equilibrated. with 20 mM potassium phosphate. pH 6.8. The sample was loaded (tO ml/min), washed 
with equilibration buffer and eluled with 20 mM potassium phosphate containing 0.4M NaCl, pH 6.8. The 
column fractions were analyzed by Western blotting with antibody 7D4 to detect the 65 kd protein. 

An immunoaffinity column was used to further purify the 65 kd protein. The adsorbent for this column 
was prepared by immobilizing monoclonal antibody 7D4 on NuGel P-poiyaldehyde® {500 Angstrom. 40-60 
urn. Separation Industries. Metuchen. New Jersey. U.S.A.) silica support. The immobilization procedure 
involved the following: 10 grams of polyaldehyde support were suspended and washed with O.IM potassium 
phosphate, O.IM NaQ, pH 6.8. and transferred quantitatively into an Ehrtenmeyer flask containing 20 ml of 
monoclonal antibody 7D4 at a protein concentration of 8 mg/ml. Sodium cyanoborohydride (4 mg) was then 
added to the suspension. The mixture was shaken gently at 4* C for 16 hours. The gel was filtered and 
washed with O.IM potassium phosphate, O.lM NaCI. pH 6.8. Pooled filtrates were checked for unbound 
antibody. Binding density was 8 mg/g of support. Uncoupled activated sites were blocked by suspending 
the gei in 20 ml of 1M ethanolamine, pH 7.5 Sodium cyanoborohydride (4 mg) was added to the 
suspension, which was then agitated at 4'C for 16 hours. The gel was collected and washed thoroughly 
with cold coupling buffer. 

To carry out the immunoaffinity chromatography, a column (1 cm x 10 cm) was packed with the 
immobilized 7D4 antibody and equilibrated with cold phosphate buffered saline (PBS) containing 0.1% 
Triton x-100. A pool of fractions from the NuGel P-DE 200® column containing the 65 kd protein was 
diluted 2 X with PBS containing 0.1% Triton X-tOO and loaded onto the column at a flow rate of 10 ml/mtn. 
After . loading, the gel was washed with PBS to remove unadsorbed material. The adsorbed immunoreactive 
material was eluted with 0.3 M acetic acid, O.i M NaCI, pH 2.7, buffer. The protein was then concentrated in 
an Amicon Stircell® apparatus using a YM 10 membrane {Amicon, Div. W.R. Grace & Co. Danvers, 
Massachusetts, U.SA.). 

The purity of the protein was determined by SDS poly aery lam ide gel electrophoresis as described by 
Laemmli [Nature 227:680 (1970)]. The gel was stained with Coomassie blue. Western blot analysis was also 
carried out, using the 7D4 monoclonal antibody wfth goat anti-mouse horseradish peroxidase conjugate. The 
results are shown in Rg. 22. Lanes 2, 3, 4 and 5 contain purified protein from two preparations. Lanes 1 and 
6 contain a mixture of molecular weight marker proteins having the molecular weights shown to the left and 
right of the figure. Ten micrograms of protein were run in each lane. 

In Rg. 22, it can be seen that the purified protein migrated in the SDS gel as a major band having an 
apparent molecular weight of about 65 kd, with minor bands having higher and lower mobility. 

6.2. ISOELECTRIC POINT DETERMINATION 

Ten micrograms of the purified 65 kd protein were subjected to isoelectric focusing in a preformed 
isoelectric focusing gel obtained from LKB Instruments, Gaithersburg, Maryland. U.SA. A mixture of 
standard proteins having known isoelectric points was run at the same time. The gel was njn for about 2 
hours at 50 mA. 1,500 V according to the manufacturer's instmctions, using a 3.5-9.5 pH gradient 

Upon completion of electrofocusing. the gel was stained with Coomassie blue dye to detect the protein 
bands. The isoelectric point of the purified protein was then determined by measuring the position of the 
band within the pH gradient in relation to the positions of the protein standards. The isoelectric point of the 
protein thus determined was 4.6. 



6.3. AMINO ACID COMPOSfTION ANALYSIS 

Amino acid composition analysis was carried out using post column reaction with fluorescamine as 
described by Pan et al.. in Methods of Protein Microcharacterization. 1986. Shively, ed.. The Humana Press, 
pp. 105-119. Samples containing 3 ug of the 65 kd protein were hydrolyzed in 6 N HCI containing 4% 
thioglycolic acid at 110* C for 20 to 24 hours in vacuo, and 10% of the hydrolysate was used for analysis. 
Cysteine values were determined after pertormic acid oxidation. The results are shown In Table 3. 
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TABLE 3 



AMINO ACID 


COMPOSITION 


ANALYSIS OF THE 


65 KP PROTEIN 


AMINO 


MOLE 


ACID 


PERCENT 


Asp 


6.06 


Thr 


6.07 


Ser 


7.27 


Glu 


18.24 


Pro 


5.35 




16.76 


Ala 


11.71 


Cys 


4.45 


Val 


4.88 


Met 


2.08 


He 


2.17 


Leu 


3.22 


Tyr 


2.20 


Phe 


2.13 


His 


1.07 


Lys 


2.72 


Arg 


3.61 


Trp 


ND 


ND = Not Derermined 



6.4. N- AND C-TERMINAL SEQUENCE ANALYSIS 

Two hundred picomotes of the protein (as determined by amino acid ^o'-^POf J"" '® 
subil^^ » N-termlnal analysis, using the r^ethod of Hewick et al.; J. Biol. Chem. ^^90 (1981) and an 

ied Blosystems model 470A sequencer (Applied Blosystems. Inc.. ^J^^/^'y^-^^->;,J^ 
N-Termlnal sequence thus determined was M.N-K-N-S-7-L-Q-Q-F-7-S-M-Q-E-S-P-P-P. The .dentites of mo 
amino acid residues at positions indicated by question marks are uncertain because the f'^^^-V of PTH- 
Cys was low, and cysteine residues might be involved in disulfide linkages [Hewick et al., J. Biol. Chem. 
258*7990 f1 981)1 

—C-Termlnal analysis was performed on 1200 picomoles of the 65 kd protein by«me course calbox- 
ypeptidie y digestton as described by Hayashi, Methods in Enzymoiogy 47:84 0977^- C^^eW 
nBoehrtnger Mannheim. Indianapolis, IN) was used at a concentration of 0.8 ug^SO al in 0.05 M sodam, 
acetate bu«er. pH 5.9, and sample aliquots were taken after 0, 2, 5. 10, 20 and 30 minutes for ana^ysis^J^e 
sample aliquots were acidified with HCI to stop further reaction and then sub,ected to amino ^cid analysis 
as described above. This analysis showed that the amino acid sequence at the C-temiinus is Probably (Met 
TrpVAIa-Sar. Tryptophan was observed to increase si^llaneously wHh the methionine, but Trp is difficult 
to quantify in the fluorescamine analyzer because it has a low reactivity with fluorescamine. Therefore, the 
relative positions of Trp and Met could not be determined with certainty by this analysis. 



6.5. TRYPTIC PEPTIDE ANALYSIS 



in part to verify the amino acid sequence predicted from the nudeotide sequence of the cONA 
encoding the 65 kd protein, some of the protein was digested with trypsin (Cooper Biomedical, Philadelphia, 
Pennsylvania, U.SA.) and the resulting peptides were sequenced as descnbed below. 
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Tryptic digestions were carried out overnight at 37* C on 148 ug of protein in 0.2M ammonium 
bicarbonate, pH 8, using an enzyme-to-substrate ratio of 1:30 (weight or molar basis?). Peptides thus 
generated were separated in a Waters HPLC system using an Attex ultrasphere 250 x4.6 mm C-i8 column 
(Beckman Instruments. Fullerton, CA) with a 0 to 55% gradient of Increasing acetonitrile in 0.1% (basis) 

5 trifluoroacetic acid. Prior to the HPLC separation, the digest was reduced with ;3-mercaptoethanol for 30 
minutes at 37 'C to break any disulfide bonds in the peptides. Column effluent was monitored at 215 mu 
using a laboratory Data Control detector {Laboratory Data Control, Rivera Beach, Florida, U.S.A.). The HPLC 
column resolved 8 major peaks, as shown in Fig. 23A. 

Each peak was first analyzed by amino acid analysis as descriljed above to determine both the quantity 

10 and the composition of the peptides. Then, most of the peptide peaks from the HPLC column were 
sequenced by automated Edman degradation, using an Applied Biosystems Model 470A gas phase 
sequencer. Phenylthiohydantoin (PTH) amino add derivatives were identified in a Waters HPLC system 
using an Altex ultrasphere C-18 column as described by Hawke.et al. [Anal. Biochem. 120:302 (1982)], or in 
an Applied Biosystems Model 120A on-line PTH amino acid analyzer. 

75 The amino 'acid sequences of some of these peptides are shown under the underlined regions of Rg. 
17. The number of each of these peptides (corresponding to the HPLC peak numbers) is shown circled 
beside the corresponding sequence. Uncertainly in ttie identity of some of the residues in the peptide 
sequences is indicated by a question mark at those positions, although the amino acid composition 
analyses of the peptides showed that the amino acids indicated in the corresponding positions of the 

20 predicted sequence were present in the peptides. The uncertainly in the identity of some of the peptide 
residues was due to the low reactivity of tryptophan with fluorescamine. 

Peptide 6, which corresponds to the N-terminus of the complete 65 kd protein, contains 4 residues at 
its N-terminus which are encoded by nucleotides in the expression plasmid. Analysis of peptide 8 produced 
an amino acid sequence similar to that of peptide 3 but lacking the 4 C-terminai residues, suggesting that it 

25 was probably the result of Incomplete tryptic digestion. Peptide 5 was not sequenced, because amino acid 
composition analysis of this peptide showed that it was the same as peptide 6. less the first 3 amino acid 
residues at the N-tenminus. 

HPLC analysis of the tryptic digest carried out as described above but without prior mercaptoethanol 
reduction produced an elution profile In which peaks 4, 7 and 8 were absent (Rg. 23 B). This observation 

30 suggests that these cysteine-containing peptides were probably involved In disulfide bond formation in the 
unreduced protein. 



7. POULTRY IMMUNIZATION 

3S 



7.1. USE OF THE 65 Kd ANTIGEN 

40 

To determine whether administration of the purified recombinant 65 kd protein could protect chickens 
against challenge by Eimeria tenella sporulated oocysts, a series of immunization experiments was 
performed, in these experiments, one day to three week old Leghorn chickens (Avian Services, Frenchtown, 
New Jersey, U.S A) were maintained in a clean room and cared for by attendants who did not have contact 
45 with other birds up to the time of challenge. The birds were kept in electrically heated brooder cages until 
they were 3 or 4 weeks old, after which they were transferred to grow-out cages. 

Non-medicated broiler starter feed and water were supplied ad libitum throughout the experiments. At 
the time of challenge with oocysts, the birds were transferred to another building where they were kept until 
the end of the experiments. The clinical conditions of the animals were checked at least three times weekly 
50 before immunization and on. a daily basis after Immunization. The birds were individually Identified by 
means of wing bands at 3 or 4 weeks of age t)efore random assignment into various test groups. 

Various lots of the 65 kd protein purified by immunoaffinity chromatography as described above were 
used as the immunogen. These lots of immunogen contained bacterial endotoxin activity ranging from about 
0.3 to about 50 endotoxin units per ug of protein, with activity determined and defined as described in the 
55 United States Pharmacopeia, 21st Revision, 1985. United States Pharmacopeial Convention, Inc., Rockviile. 
Md., pp. 1165-1167. The protein was dissolved In 0.02 M KjHPOi buffer, pH 6.8, before use and diluted 
with the same buffer as required. 

Bovine serum albumin (BSA, Pentex) was used as a control. Because pyrogenic activity was present In 
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the immunogen used, approximately equal amounts of such activity were added to all BSA controls o 
account for any nonspecific effects that might be due to this activity. This pyrogen.c activity was added to 
me BSA in the form of an untransformed E. coli lysate which was prepared by disrupting E. coii by 
sonication and then filtering the material through a 0.45 u Miliipore filter. 

5 Diluted samples of control BSA or the Eimeria antigen were combined with an equal volume of 
adjuvants and mixed thoroughly in glass syringes fitted with 18 gauge needles prior to admimsfrahon. 
Freund's complete and Incomplete adjuvant were used for primary and booster immunizatons. respectively. 
Both adjuvants were obtained from GIBCO. Grand Island. New York. U.S.A.. ^ ^ ^ 

Primary immunizations were made subcutaneously on the posterior portion of the body at the base o 

;o the neck, when the birds were 4 weeks old. Some birds also received booster immunizations at 6 weeks of 
age. The volume of Injected material ranged from about 0.4 to 2.4 ml. For the larger volumes the dose w^ 
divided between 2 injections. Two or three weeks after the last vaccination, birds were ch«d with 
25.000 or 50.000 sporulated oocysts of E. teneila. administered orally. Seven days post mfection he 
surviving birds were sacrificed, necropsied and scored for gross lesions. All birds that died during the 

rs experiments were also necropsied. Diagnoses were made, and the intestinal lesions v^^re^^^^^^ as 0 ■= 
normal. 1 - slight infestation, 2 = moderate infestation. 3 = severe infestation and 4 = death. The 
readings obt^ned were summarized as the average degree of infection for each group of birds. The birds 
were also weighed at the time of infection and 7 days post infection. Some birds were not vacanated w.th 
BSA or coccidial antigen but were treated as infected or uninfected, unvaccinated controls. 

20 The results of two such experiments are shown in Table 4. 
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TflBUE 4 



EFFECT OF SUBCUTANEOUS IMMUNIZATION OF CHICKS 
GIVHN ONE OR TWO VACCI^fATIONS VITH PURIFIED RECOMBIMAKT 65 KD ANTIGEN 



fO 



15 



20 



25 



30 



35 



40 



45 



Dose (vg) at Age 



Lesion 



Weight 
Gain/Loss^ 



No. Birds 


Treatment^ 


4 Weeks 


6 Weeks 




Score** 


(grams) 








bxper linen c 


i 






10 


lUC 








2.B 


-25 


8 


Antigen 


3 .15 






2.4 


-44 


T ft 


Antigen 








2 .D 




6 


BSA 


17 .5 






3.0 


+40 


10 


UUC 








ft 
u 


+ 10 / 


10 


lUC 








1 ft 
2,9 


A ft 


a 


Antigen 


3.15 


1.6 




2.0® 


- 15 


10 


Antigen 


17-5 


13.2 




i.ae 


+5 


a 


BSA 


12.25 


13.2 




2.5 


-13 


10 


UUC 








0 


+ 87 








Experiment 


2 






8<1 


lUC 








2.6 


-11 


10 


Antigen 


4 






2.2 


+65 


10 


Antigen 


20 






2.0 


+19 


9 


Antigen 


100 






2.9 


U4 


10 


BSA 


100 






2.4 


-7 


10 


lUC 








2.5 


415 


10 


Antigen 


4 


4 




2.1 


-»35 


10 


Antigen 


20 


20 




2.0 


+74 


8 


Antigen 


100 


100 




2.1 


+ 81 


10 


BSA 


100 


100 




2.4 


469 


4 


UUC 








0 


-3 



a- lUC, Antigen, BSA and UUC refer to infected (with oocysts) 
unirairtunized controls, purified 65 kd protein* bovine serum albumin and 
uninfected ur immunized controls, respectively. 

b- Tn Experiment 1, birds given a single immunization were challenged 3 
weeks later with 50,000 sporulated oocysts of E- tenella; those given a 
booster vaccination were challenged 2 weeks after that with 25,000 of 
the oocysts, in Experiment 2, the timing of oocyst challenges was the 
same, but 25,000 oocysts were given to both singly vaccinated and 
boosted birds. Infected unimmunized controls were maintained for each 
experiment and given identical numbers of sporulated oocysts at the same 
age, seven days prior to sacrifice. Results are based on a score of 
0-4, as described in the text. 



5Q c- Values shown are the difference between weight at time of infection 
and weight 7 days post infection. 



d- This group originally contained 9 birds, but one died after 1 week. 

55 

e- P< 0.05 compared to lUC. 
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The data of Table 4 show that vaccination with the 65 kd protein generally produced numencally lower 
lesion scores compared to infected but unimmunized controls. Two groups of birds given booster 
vaccinations in Experiment 1 {denoted by superscript e in the Table) showed reduced lesion scores that 
were statistically significant. In other cases, the degree of reduction in lesion scores was not as great, but 
weight gain was nevertheless generally Improved in the vaccinated birds. 

To determine whether a third vaccination would further enhance protection, an expenment was carried 
out in which groups of 8 birds were treated as infected or uninfected, unvacclnated controls or vaccinated 
with BSA or the merozolte protein at 3 and 5 weeks of age or at 3. 5 and 7 weeks of age. The first two 
vaccinations were made with Freund's complete adjuvant. Where a third vaccination was given, it was given 
with Freund's incomplete adjuvant. Inoculations were given subcutaneousiy as described above. 

Two weeks after the last vaccination, each bird was challenged with 25.000 sporulated oocysts of E. 
tenella by the oral route. Body weights were measured at the time oi challenge and 7 days thereafter, at 
which time the birds were sacrificed and cecal lesions were scored. The results are shown in Table 5. 

TABLE 5 



EFFECT OF SUBCUTANEOUS IMMUNIZATION OF CHICKS GIVEN 
TWO OR THREE VACCINATIONS WITH PURIFIED RECOMBINANT 65 

KD ANTIGEN 



Treatment^ 



lUC 

Antigen 

Antigen 

Antigen 

Antigen 

BSA 

BSA 

UUC 

lUC 

Antigen 
Antigen 
BSA 



Dose (tig) at Age 



3 Weeks 



4 
4 
20 
20 
20 
20 



4 
20 
20 



5 Weeks 



4 
4 
20 
20 
20 
20 



4 
20 
20 



7 Weeks 



4 
20 
20 



Lesion 
Score'' 



2.13 

1.75 

2.88 

1.88 

1.88 

3.13 

2.38. 

0 

2.25 
2.25 
2.25 
1.75 



Weight 
Gain/Loss" 
(grams) 



+ 59 
+ 122 
+ 128 
+ 87 
+ 69 
+ 106 
+ 131 
+ 131 
+ 23 
+ 91 
+ 86 
+ 78 



a- lUC. Antigen. BSA and UUC refer to Infected (with oocysts) unimmunized controls, 
purified 65 kd protein, bovine senjm albumin and uninfected unimmunized controls, 
respectively. 

b- Birds were challenged 2 weeks after the last vaccination with 25.000 E. tenella 
sporulated oocysts, or seven days prior to sacrifice for infected unimmunized 
controls. These controls were seven and nine weeks old for double and riple 
immunization studies, respectively, when infected. Results are based on a score of 
0-4, as described in the text 

c- Values shown are the difference between weight at time of Infection and weight 7 
days post infection. 

The data in Table 5 show that immunity was not improved by administering a third vaccination. Greater 
protection, as shown by reduced cecal lesion scores, was conferred by the antigen, compared to untreated 
infected controls or birds vaccinated with BSA. 

To determine whether routes of administration other than subcutaneous injection might produce better 
results, two dosage levels of the 65 kd protein were administered three times, two weeks apart, to groups of 
8 3-week-old Leghorn chicks, using intradermal, subcutaneous, intramuscular, oral and anal routes of 
administration. Two weeks after the last immunogen administration, the birds were challenged with 25.000 
sporulated oocysts of Eimeria tenella given orally. The birds were sacrificed one week after challenge, and 
cecal lesion scores were determined. 
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Subcutaneous injections were administered as described above. Intramuscular injections were made 
deeply into the exterior side of Hie left thigh. Intradermal injections were administered into the anterior side 
of the right wing. Oral administration was delivered using a 5 cm long 18 gauge ball-tipped needle, 
depositing the Inoculum into the crop of the bird. Anal administration was made using a 5 cm long l8 gauge 
5 olive-tipped needle, introduced to its maximum length into the cloaca! opening. After oral and anal 
administration, the birds were held in standing and inverted positions, respectively, for several minutes, to 
avoid possible expulsion of the inoculum. 

The subcutaneous dosage form was as described above, with Freund's complete adjuvant used for the 
pnmary injection and Freund's incomplete adjuvant used for the booster injections. Dosage forms for the 
w other routes of administration contained protein at the indicated levels in 0.02 M K2HPO* buffer, pH 6.8. 
The results of this experiment are shown in Table 6. 

TABLE 6 



15 

20 


EFFECT OF VARIOUS ROUTES OF ADMINISTRATION ON CHICK 
VACCINATION WITH THE 65 KD ANTIGEN 


Treatment' Route^ 


Dose (mg) at Age 


Lesion 
Score" 


Weight 
Gain/Loss*^ 
(grams) 


3 Weeks 


5 Weeks 


7 Weeks 




lUC 








2.9 


+ 58 




Antigen/SC 


5 


5 


5 


2.3 


+ 66 


25 


Antigen/SC 


25 


25 


25 


2.8 


+ 68 




BSA/SC 


25 


25 


25 


2.8 


+ 47 




Antigen/1 r4 


5 


5 


5 


2.3 


+ 33 




Antigen/IM 


25 


25 


25 


2.3 


+ 72 




Antigen/A 


S 


5 


5 


2.5 


+ 53 


30 


Antigen/A 


25 


25 


25 


2.6 


+ 50 




Antigen/0 


5 


5 


5 


1.8*^ 


+ 67 




Antigen/0 


25 


25 


25 


2.5 


+ 87 




Antigen/ID • 


5 


5 


5 


2.1 


+ 26 




Antigen/ID 


25 


25 


25 


1.9** 


+ 114 


35 


UUC 








0 


+ 114 



a- lUC. Antigen. BSA and UUC refer to infected (with oocysts) unimmunized controls, 
purified 65 kd protein, bovine serum albumin and uninfected unimmunized controls, 
respectively. SC. IM. A. 0 and ID refer to subcutaneous, intramus uiar, anal, oral and 
intradermal routes of administration, respectively. 

b- Birds were challenged 2 weeks after the last vaccination with 25,000 E. tenella 
sporulated oocysts, or seven days prior to sacrifice for infected unimmunized controls. 
These controls were 9 weeks old when infected. Results are b sed on a score of 0-4, as 
described in the test. 

c- Values shown are the difference between weight at time of infection and weight 7 

days post infection. 

d- P < 0.05 compared to lUC. 



Table 6 shows that the lowest cecal lesion scores were observed in birds immunized with 5 ug of 
so antigen by the oral route and with 25 ug of antigen by the intradermal route. These results were statistically 
significant. Numerically lower lesion scores were seen for other routes of administration and other dosage 
levels, indicating a protective trend. The differences between these scores and those of the lUC birds, 
however, were not statistically significant. 

Failure to observe linear dose responses in the foregoing experiments may have been due to 
55 differences in trace contaminants and/or pyrogenrc content in the 65 kd antigen preparations, or to other 
factors. 
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7.2. VACCINIA VECTOR VACCINATION 



TO producB a more effective means of immunizing cf,icl<s with the E. tene^a »s of .nvention 
the 1.1 kb CDMA encoding the 20 kd protein recognized by monoclonal ^"^g^^^,; 
Kb cDNA molecule encoding the 28 kd protein recognized by monoclonal antibody 8A2 (F,g. IB) were 
cloned into vaccinia vims and used to vaccinate chicks, as descnbed below. 



7.2.1 . VECTOR PREPARATION 

All recorribinants made were based on homologous recombination Into the viral thymidine ^nase (TK) 
locus ardTcribed by Mackett et at. [Proc. Nat,. Acad. Sci. USA H^^^^'^^^^!;^^^^ 
mapped to the vaccinia virus (W) Hindlll J fragment [Hruby et al.. J. Virol. 43.403 (1982)], and part of th.s 
fragment has been sequenced [Weir et al.. J. Virol. 46530 (1983)]. 

To construct a vector for recombinatton, the W Hindlll J fragment was subcloned into pUCS (Rg^ 24a). 
This^™wi Cleaved with Hpall. The fragments were treated with E. coli DNA polymerase Wenow 
raomTn Xow) and recleaved wHh Hindlll, and the piece containing '^^^'J'^f "^/f 'f 
ow meWng agarose. The isolated fragment was ligated into the Hindlll and blunt ended (Si 
EroR?site of 8 0UC8 vector (Rg. 24b. right). Subsequently, the Hindlll site was eliminated by t eating me 
S isl^ DNA wfth Klenol and renting the vector fragment For the insertion of the W promoter 
^desinnated the 7.5K pramoter). the vector was cleaved by Clal and EcoRI. , , 

* Te W 7.5K promoter is located in one of the smallest Sal. fr^men^ of the ^'^^ tVenka«s^ e. ^ 
Cell a 805 (1981)] The corresponding fragment was cloned into Hfll3mp8. A clone was selected in which 
mt dfecS n oftlinsSptton w^ towa'm the EcoRl site o. M,3mp8 (Rg. 24=, 1^,. ™ °NA was dea^;^ 
with Seal and Smal. Bglll linkers were added and the DNA was religated '■^'H^^^^^^'^l 
ragmem containing the^ral promoter segment was isolated from the M13 *^ 
pUC^TK fragment described above resulting in vector pUC8-TK-7.5K-. This new vector was digested with 

'""To"c,^ra vector wim multiple cloning sites, an appropriate polylinker was *^f^- 
construct For this purpose the polylinker contained in the Ivll3tgl3l (Amersham) was chosen (f^g. 24d) The 
po yS 'agTent'^Ts solated b digesting the phage DNA with BgllUnd EcoRl. .^^S^^,"^ 
tasked into the pUC8-TK.7.5K- construct, resulting in the final basic vector for recombination of foreign 
antigens into W (Rg. 24c) which is pUC8-TK-7.5IC ,.«ih„ri„ ba9 rtnns not 

The EcoRI fragment coding for the 28 kd protein which binds to monoolona^ ^T^J^^l^Jr 
contain the sequence for the NHerminal part of the protein. The original start codon and the teader 

sequence tor the protein are missing. »«--,h tnr avnra-:. 

To compensate for these missing regions, two different constructs were made tested tor expres 
sion lnThe first construct, an in-frame start codon was generated by deleting part o<^ ^<^^ 
basic vector for recombination pUC8-TK-7.5K (Fig. 24c). The vector was f 9f 

deleting part of tiie polylinker (Rg. 24d). and then religated^By this "'^"'^^'^^,''^^^^^"1^^^ 
in the SDhI restriction site was placed in the correct reading frame for the coding region of the oocyst 
pro^n on tTacoRl fragment^The successful manipulation was conflrrned by 
polylinker fragment The predicted N-temiinal amino acid sequence of the protein encoded by this construct 

""mS'^in the DNA sequence not only for the Start codon but also for *e missing leader 
sequent, th"^ EcoRl fragment was pla^d in the correct reading frame ^'"^ ^^l^^^^tl 
malarial antigen. The malarial antigen used to isolate tiie leader sequence was fJ^l'^^'T"^^^^ 
as Ro-33 tCerta el al., EI^BO J. 6:4137 (1987)]. It must be noted, however, that other leader sequences 
such as coccldial leader sequences could be used for ttie same purpose^ rti„„^„rt with Oral 

To isolate the DNA fragment containing the leader sequence, tiie Ro-SS DNA was digested w* DraL 
The f^agr^ent containing the recognition sites for the restriction enzymes PvuU and HindHI w^ isolated a d 
dloested with Hindlll The original vector constnjct pUC8-TK-7.5K (Rg. 24c) was cleaved with Sail, treated 
SKtenrand then digested with Hindlll. In this vector fragment, the isolated ^'-^^TtZU^ 
leader traqment was cloned. This constat was used to express a fusion protein between the P^ falciparunn 
19 wSand the E. tenella antigen recognized by antibody 8A2 and encoded by me EcoRl fragment. 
The predicted N-terminal amino add sequence of ttiis fusion protein is shown m Fig. ZSB. 
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The EcoRI fragment encoding the 28 kd protein was cloned into the EcoRI site of the polylinker 
contained in the basic vector (Rg. 24c). Constructs containing the fragment in the correct orientation were 
propagated and used for recombination into the vaccinia virus. 

Because of the way that the initiation site for translation of the fragment was engineered into the basic 
5 vector (see above), two different N-terminal sequences were expected for the gene to be expressed by tiie 
recombinant vaccinia vims (Fig. 25). While only 3 additional amino acids (Met, Arg, and Trp) are added to 
the original sequence in the first construct (Rg. 25A), in the second a total of 47 amino acids derived from 
the leader sequence of the 190 kd malarial antigen are fused to the N-tenminus of the polypeptide 
recognized by monoclonal antibody 8A2 (Fig. 25B). By processing at the potential cleavage site of the 
70 leader sequence. 19 of the additional amino acids are removed, leading to a maturated protein starting with 
Val, Thr. His. 

The EcoRI fragment coding for the 20 kd protein recognized by monoclonal antibody 6A5 contains the 
entire sequence. This fragment without further manipulation, was cloned into the EcoRI site of the W 
vector as described above. 

T6 Recombination of the above genes coding for coccidial antigens into a strain WR vaccinia virus was 
carried out using a two-step procedure for selection of the recombinant virus. 

In the first step, CVI monkey cells were grown in medium I [Eagle's Minimal Essential Medium (MEM). 
5% fetal calf seaim (FCS; from Amimad). Penicillin/Streptomycin (100 units/ml and 100 ug/mi. respectively) 
and 2 mM glutamine: all reagents from Gibco] in 8 cm^ culture plates to 80-90% confluency. The medium 

20 was removed and replaced with 0.2 ml of a virus suspension containing the temperature sensitive vacdnia 
virus strain ts N7 [Drillen et al., Virology 131:385 (1983)] at 0.1 plaque forming units (pfu)/C8ll. The plates 
were left at room temperature for 1 hour, after which 2 ml of Medium 1 were added to each plate and the 
plates were incubated for 2 hours at 33'C (the growth permissive temperature for this virus) in a CO2 
incubator [Kieny et al., Nature 312:163 (1984)]. 

25 One half hour before the end of the above incubation period, a DNA-containing calcium-phosphate 
precipitate was prepared. This contained HeBS buffer [280 mM NaCI, 1.5 mM sodium-hydrogen-phosphate, 
50 mM HEPES], 200 ng of purified vaccinia strain WR virus DNA and 200 ng of purified coccidial antigen- 
gene containing plasmid DNA tn a total volume of 0.55 ml. Each DNA was added in 1 ul of TE-buffer (10 
- mM Tris-HCI, pH 7. 5, 1 mM EDTA) To this solution was added, drop-wise and with gentle swiriing. 0.55 ml 

30 of a 2S0 mM caldum-chtoride solution. This mixture was left at room temperature for 20 minutes. 

After the 2 hour incubation, the medium from the culture plates was aspirated and replaced with 0.25 mi 
of the above DNA-containing calcium precipitate and left at room temperature for one hour. Subsequently, 2 
ml of Medium I was added to each plate, "and the plates were incubated for 2 hours at 39.5 ' C in a 5% CO2 
incubator (Kieny et.al., supra). At this temperature, the Is N7 virus cannot replicate, resulting in a selection 

35 for viruses which have recombined at least in the ts7 locus. Because the calcium-phosphate is eventually 
inhibitory to cell growth, the medium was removed after the above 2 hour incubation, and the cells were 
washed 3 times with 1 ml of PBS under gentle swirling. The final PBS solution was aspirated, and 2 ml of 
Medium I were added to each plate. Incubation at 39.5* C in a CO2 incubator was continued for 2 days. 
After the two-day incubation, the culture plates with the medium and cells were placed at *30* C for a 

40 short time and then thawed, the still attached cells were scraped from the bottom of the plate and the 
suspension was sonicated as described above. This homogenate was used for the second selection step. 

In this step, medium from a neariy confluent lawn of human 143B TK cells (ATCC CRL 8303) growing 
in 8 cm^ culture plates was removed and replaced with 0.2 ml of undiluted homogenate or homogenate 
diluted 1:5 or 1:30 (vol/vol) with PBS. Infection of the TK" cells was allowed to proceed at room temperature 

45 for 1 hour. 

After the incubation, 2 ml of semi-solid Medium II (Medium I with non-essential amino acids (GIBCO; 
order number 043-1140). essential vitamins (GIBCO: order number 042-1120) and 1% agarose) containing 
0.1 mg/ml bromodeoxyuridine (BUdR, Sigman Chemical Co. were added to the cells. The plates were then 
incubated for 16-24 hours at 37* C in a COz incubator. A second layer of semi-solid Medium II, containing 

50 0.2% neutral red in addition to the above components, was placed over the cells and the plates were 
incubated for another 16-24 hours. Coloriess plaques appeared which were clearly visible, and the virus was 
recovered as individual clones by piercing the plaque region with a Pasteur pipette (plaque purification). 
Virus recovered in this way was grown on CVI cells as described above and subjected to a second and 
third round of plaque purification on 143B TK" cells. These plaque-purified viruses were grown and purified 

55 as described above. 

To test for the expression of the coccidial antigen by the recombinant virus, CVI cells infected with 
recombinant virus were sedimented in a table-top centrifuge (Hettich Mikrorapid K, 100% for 3 minutes at 
20 C), and the pellet was washed twice with PBS, recentrifuged and resuspended in PBS. The cell 
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suspension was applied to a glass microscope slide (Row) and allowed to dry. A second method consisted 
•of growing the CVI cells directly on microscope slides (Miles Lab-Tek 4808), infecting the cells with virus 
and incubating for 1-2 days. The cells were then washed free of growth medium with PBS and allowed to 
^dry on the slides at room temperature. To fix the cells, the slides were submerged in acetone for at least 

5 one hour at -30 * C and allowed to dry at room temperature. 

Mouse anti-coccidial antigen monoclonal antibodies diluted in PBS were layered onto the microscope 
slides so that the cells were evenly covered with liquid. The slides were placed In a humid chamber at 
37' C for one hour and subsequently washed several times with PBS. Without allowing the slides to dry. a 
second antibody (FITC labeled goat anti-mouse IgG, Nordic) also diluted in PBS was layered onto the 

w slides, and the slides were placed in a humid chamber at 37'C for one hour to allow the antibodies to 
react. After several washes with PBS, the slides were allowed to dry completely. A few drops of 20% 
(vol/vol) glycerine in water were pipetted onto the slide, and^ cover glass (Menzel 24x60) was placed on 
top. The fluorescence of the cell preparation was then monitored under UV light in a microscope (Zeiss ICM 
405. F10 or Planapo 63 objective). 

;5 The WR strain virus can multiply in almost all cell types [Drillen et al.. J. Virology 28:843 (1978)], and 
its multiplication can be observed directly through the purification on 143B TK" cells. These plaque-purified 
viruses were grown and purified as described above. 

To test for the expression of the cocci dial antigen by the recombinant virus. CVI cells Infected with 
recombinant virus were sedlmented in a table-top centrifuge {Hettich MIkrorapid K, 100% for 3 minutes at 

20 20 *C), and the pellet was washed twice with PBS, recentrlfuged and resuspended In PBS. The cell 
suspension was applied to a glass microscope slide (Row) and allowed to dry. A second method consisted 
'of growing the CV1 cells directly on microscope slides (Miles Lab-Tek 4808), infecting the cells with virus 
and incubating for 1-2 days. The cells were then washed free of growth medium with PBS and allowed to 
dry on the slides at room temperature. To fix the cells, the slides were submerged in acetone for at least 

25 one hour at -30* C and allowed to dry at room temperature. 

Mouse anti-coccidial antigen monoclonal antibodies diluted in PBS were layered onto the microscope 
slides so that the cells were evenly covered with liquid. The slides were placed in a humid chamber at 
37' C for one hour and subsequently washed several times with PBS. Without allowing the slides to dry, a 
second antibody (FITC labeled goat anti-mouse IgG. Nordic) also diluted in PBS was layered onto the 

30 slides, and the slides were placed in a humid chamber at 37 ' C for one hour to allow the antibodies to 
react After several washes with PBS, the slides were allowed to dry completely. A few drops of 20% 
(vol/vol) glycerine In water were pipetted onto the slide, and a cover glass (Menzel 24x60) was placed on 
top. The fluorescence of the cell preparation was then monitored under UV light in a microscope (Zeiss ICM 
405. FIO or Planapo 63 objective). 

35 The WR strain virus can multiply in almost all cell types [Drillen et al.. J. Virology 28:843 (1978)], and 
its multiplication can be observed directly through the formation of plaques. In most cases, however, 
chicken embryo fibroblast (CEF) cells were used to prepare large stocks of the virus. 

To obtain CEF cells. 11 -day old embryos were isolated from eggs, freed from their extremities, cut into 
small pieces and resuspended in a 0.25% trypsin solution (Difco) for 2 hours at room temperature. This 

40 suspension was diluted with one volume of Medium 1 and filtered through a cell sieve (Bellco. 150 mesh), 
and the cells were sedimented (Hermie table-top centrifuge, 5 minutes, 2,000 rpm. room temperature). The 
cell pellet was resuspended In 1/4 of the original volume of Medium I and this CEF cell suspension 
inoculated into cell culture plates. Depending on the starting cell density, the cultures were allowed to grow 
1-2 days and used for infection directly or after 1-2 further passages. A synopsis for the establishment of 

45 such primary cultures can be found in Frehney. Culture of Animal Cells, Alan R. Lies Verlag, New York 
1983, Chapter 11, p. 99. 

For infection, the medium was removed from 80-90% confluent CEF cells growing in 175 cm culture 
flasks (Falcon 3028). and the cells were incubated in a PBS solution containing virus (0.1 phj/cell, 0.01 
ml/cm2) for one hour at room temperature (20* C) (PBS/Dulbecco. Amimed). Medium I was then added (0.2 
50 ml/cm2). and the flasks were incubated at 37* C for 2-3 days until about 80% of the cells had lysed. The 
resulting stock solution was stored directly with cells and medium in the original culture flasks at -30 C 
before virus purification. 

The following purification steps were used to obtain a virus preparation free of all host cell specific 
components. Infected cell cultures which had been stored at -30 'C were thawed and the remaining cells 
55 were freed from the surface of the flask by shaking or scraping. The cells and virus were centrifuged out of 
the medium (Sorvall centrHuge. GSA rotor. 1 hour at 5,000 rpm, 10* C). The pellet of cells and virus 
particles was resuspended in PBS (10-20 X the volume of the pellet) and recentrifuged as above. This pellet 
was then resuspended in a 10-fold volume of RSB buffer (10 mM Tris-HCl. pH 8.0, 10 mM KCI. 1 mM 
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MgCb). 

To lyse the remaining intact cells and free the virus from the cell membranes, the above suspension 
was subjected to sonification (twice. 10 seconds at 60 watts, room temperature. Labsonic 1510 with 4 mm 
probe). The mixture was then centrifuged in a Sorval GSA rotor for 3 minutes at 3,000 rpm. 10 C. A virus 
suspension free from celi nuclei and large cell debris was thus produced. The supernatant was carefully 
removed, and the pellet was resuspended in RSB buffer, resonicated and centrifuged as above. 

The second supernatant was combined with the first layered onto a 10 ml 35% sucrose cushion (Ruka. 
in 10 mM Tirs-HCI. pH 8.0) and centrifuged for 90 minutes at 14.000 rpm in a Kontron TST 28.38/17 rotor 
(Beckman SW 27 analog) at 10'C. The supernatant was decanted and the pellet of virus particles was 
resuspended in 10 ml of 10 mM Tris-HCI. pH 8.0. sonicated to homogenize the mixture (2 times for 10 
seconds at room temperature as described above) and loaded onto a step gradient for further purification. 

The step gradient consisted of 5 ml aliquots of sucrose in 10 mM Tris-HCI. pH 8,0, of the following 
concentrations: 20%. 25%. 30%. 35% and 40%. This gradient was centrifuged in a Kontron TST 28.38/17 
rotor for 35 minutes at 14.000 rpm. 10* C. Several bands containing virus particles were visible in the 30%- 
40% sucrose region. This region of the gradient was removed (10 ml), the sucrose solution was diluted with 
PBS {20 mf) and the virus particles were sedimented (Kontron rotor. 90 minutes at 14.000 rpm. ID C). The 
pellet contained almost exclusively virus particles (as judged by comparison of OD measurement and 
plaque assay, see below). This pellet was resuspended in PBS so that the vims concentration was on the 
average 1-5 x lO'' pfu/ml. This viais stock was used either directly or diluted with PBS. 

To detemiine the virus concentration and the purity of the virus stock, two methods were used. The 
absolute concentration of virus particles was conveniently obtained by measuring the optical density (OD) of 
the stock solution in a spectrophotometer (Uvikon 860) at 260 nm (OD/260). where 1 OD/260 equals about 
1.2 X 10'« particles per ml [Jokllk. Virology 18:9 (1962)1- Vinjs concentration was also obtained by titrating 
the virus on cells (plaque assay), assuming that only one out of 60 virus particles can infect a cell 

To titer the virus concentration on cultured cells, CEF cells were grown in Medium I on 8 cm^ plastic 
culture plates (Falcon 3001). When the cells had reached 80-90% confluency. the medium was removed, 
replaced with 02 ml of a diluted virus solution in PBS, and left at room temperature for i hour. The virus 
stock solution was diluted in 10-fold steps. After the room temperature incubation, 2 ml of semi-solid 
Medium I (Medium I + 1% agarose) were added to each plate, and the plates- were placed for 16-24 hours 
in a CO2 incubator. Subsequently. 2 ml of semi-solid Medium I containing 0.2% neutral red {Fluka 72210) 
was layered on to stain the living cells, and the plates were incubated for an additional 16-24 hours. The 
colorless plaques were then counted under a microscope. 



7.2.2. CHICK IMMUNIZATION 



To determine whether vaccinia viral vectors harboring genes coding for the E. tenella proteins which 
specifically bound to monoclonal antibodies 8A2 and 6A5 could protect chicks against challenge by 
sporulated oocysts of a pathogenic strain of E. tenella (strains T2-750y7. T7-776/1 or T6-771), the following 
tests were carried out 

All tests were conducted using cockerels of a layer breed (Warren) supplied by the hatchery E. 
Wuthrich, Betp. Switzeriand. Day-old chicks were reared in heated battery -brooders until the indicated ages, 
after which they were divided into various test groups and maintained coccidiosis-free in wire-floored cages. 
Throughout the tests, a commercial broiler-grower diet, based on maize, wheat and soybean meal (crude 
protein 21.7%) was fed. 

In the first test, on day 42 chicks of equivalent weight were randomly divided into three groups of six 
birds each. Three days later, the chicks were immunized with either recombinant or wild type Vaccinia vims 
by means of two injections of 50 ul each of the respective vims suspension (10'° pfu/ml in PBS) gh/en 
subcutaneously into the right wing web. Two recombinant vaccinia viruses were used, both of which 
contained DNA coding for the E. tenella protein which specifically bound to antibody aA2. One of the 
viruses (designated 37K M3) contained the leader sequence of the 190 kd malarial antigen; the other vims 
(designated 37K K3) lacked this leader sequence. The wild type vaccinia strain WR served as a negative 
control. 

One week after the first injection, a booster injection was made into the left wing web of the chicks 
under identical conditions, using the same type of vaccinia virus used previously. One week after the boost 
(day 59), blood samples of 2 ml each were taken from all the chicks and the semm was assayed for the 
presence of specific antibodies by ELISA. Briefly, the wells of a microtiterpiate (NUNC Immunoplate F96) 
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were coated with a suspension of sporozoites of E. tenelia (lO'OOO cells/nni) and incubated with the chicken 
serum at increasing dilution rates. As detecting agents goat anti-chicken immunoglobuiins conjugated to 
horseradish-peroxydase (Kirkegaard and Perry Laboratory, Gaithersburg. U.SA) were used together with 
tetramethylbenzidine as substrate. The developing blue color was read in a Titertek Multiskan MCG'340 
Mkli at a wavelength of 450 nm. The titer was defined as the reciprocal value of that serum dilution, giving 
an optical density of at least double the background value (table 7). 

Four weeks after the first injection (day 73) the chicks were challenged with 50.000 of the sporulated 
oocysts. The inoculum of coccidlal. which was suspended in 1 ml of physiological saline, was administered 
orally into the crop of the chicks by means of a blunt needle on a calibrated syringe. On day 80, ail of the 
chicks were sacrificed, necropsled and scored for gross lesions In the ceca (score 0 = normal. 1 - slight 
infestation. 2 = medium infestation. 3 = severe lesions. 4 = chick died from coccidiosis). The droppings 
were collected quantitatively over the last two days of the infectious cycle, and the number of excreted 
oocysts was determined in a representative sample of feces. The results are shown in Table 7. 

TABLE 7 
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VACCINATION OF 45 DAY OLD CHICKS WITH VACCINIA VIRUSES 




EXPRESSING THE 28 KD PROTEIN 


Virus" 


Number of 


Antibody 


Cecal 


Daily Oocyst 




Chicks 


Titer 


Lesion 


Excretion/Chick 








Score 


(xl0-«) 


37 K3 


6 


430 


1.33 


149 


37 M3 




1360 


1.50 


107 


Wild-Type 


6 


200 


2.S7 


271 



37 K3 did not. The wild-type virus was vaccinia strain WR. 

b- Two chicks were sacrified prior to co ccidiosis challenge. 

Table 7 shows that compared to the wild-type control virus, both viruses containing DNA coding for the 
28 kd protein indyced the production of antibodies specific to the parasite and conferred some protection 
against oocyst challenge, both in terms of a reduction of cecal lesion score and reduced oocyst excretion. 
Regarding protection against coccidiosis the two viruses were equally effective, however the construction 
with the malarial leader (37 M3) generated a higher antibody titer against the sporozoite antigen then the 
standard virus construction (37 K3) in the chick, indicating an advantage for the fusion constaict 

In the second test, cockerels were reared and immunized as described above but beginning at day 22. 
A viral dose of 2 x 10^ pfu In 100 ml of PBS was administered at that time. The viruses used were from 
different preparations of vaccinia virus containing DNA coding for the 28 kd protein without (designated 37 
K5) or with (designated 37 M19) the malarial leader sequence. The same wild-type strain WR virus was 
used as a control. Booster injections into the right wing webs at the same doses were given either one or 2 
weeks after the first injections. 

On day 57 (5 weeks after the first injection), all of the chicks were challenged with 50,000 of the 
sporulated oocysts. One week later, the chicks were sacrificed, necropsied and scored as described above. 
Daily weight gain following infection and oocyst excretion during the final two days were also detemiined. 
The results are shown In Table 8. 
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TABLE 8 



VACCINATION OF 22 DAY OLD CHICKS WITH VACCINIA VIRUSES EXPRESSING THE 






28 KD PROTEIN 






Virus'' 


Time to 


Number of 


Daily Weight 


Cecal 


Daily Oocyst 




Booster 


Chicks 


Gain (g) 


Lesion 


Excretion/Chick {x 




(Weeks) 






Score 


io-«) 


37 K5 


1 


8 


11.45 


2.38 


21.0 


37 Ml 9 


1 


8 


15.61 


2.13 


24.0 


Wild-Type 


1 


8 


8.77 


2-50 


33.1 


37 K5 


2 


8 


5.14 


2.25 


22.3 


37 Ml 9 


2 


8 


11.79 


2.13 


32.7 


Wild-Type 


2 


8 


8.34 


2.63 


37.0 



a- Virus 37 Ml 9 contained ttie leader sequence of the 190 kd malarial antigen. Virus 37 K5 did 
not The wild-type virus was vaccinia strain WR. 



Table 8 shows that, compared to the wild-type control virus, both viruses containing the coccidial DNA 
conferred some protection against the pathogenic oocyst challenge, in terms of weight gain, cecal lesion 
score and oocyst excretion. Both viruses were about equaJly effective. Administration of the booster 1 week 
after the primary injection produced somewhat better weight gain and lower oocyst excretion, but cecal 
lesion scores were atwut the same for both booster schedules. 

In the third test, the effect of three vaccinations was examined. Chicks were injected (right wing web) 
with two 50 al aliquots (3 x 10^ pfu/ml) of suspensions of wild-type vaccinia virus or virus containing DNA 
coding for the 20 kd protein which bound specifically to monoclonal antibody 6A5, at 21 days of age. All 
chicks were given same .dose booster injections at day 28 into the left wing webs. Some chicks were given 
additional same-dose booster injections into the wing webs of both sides at day 35. Other chicks were 
maintained with no vaccinations, as hjrther contnjls. 

On day 42, blood samples were taken from all the chicks and assayed by ELISA for the presence of 
specific antibodies against the sporozoite stage of the parasite as previously described. On day 49 (4 weeks 
after the first InjectTons). all of the chicks were challenged with 50,000 of the sporulated oocysts. One week 
later, the chicks were sacrificed, necropsied and scored for grass cecal lesions as described above. Body 
weight was recorded weekly for calculation of daily weight gain, and the droppings were collected over the 
last two days of the infectious cycle to determine oocyst excretion. The results are shown in Table 9. 

TABLE 9 



VACCINATION OF 21 DAY OLD CHICKS WITH VACCINIA VIRUS EXPRESSING THE 20 

KD PROTEIN 



w 


No. of 


Number of 


Antibody 


Daily Weight 


Cecal 


Oocyst Excretion/g 




Injections 


Chicks 


Titer 


Gain (g) 


Lesion 


Feces (xlO"*) 












Score 




rW 


2 


6 


210 


2.9 


2.33 


1.69 


rW 


3 


6 


7200 


4.2 


1.67 


1.32 


WT 


3 


6 


560 


-4.1 


2.67 


2.09 


N 




6 


0 


-3.8 


2.83 


1.75 



rW With Coccidial DNA 
WT Wild-Type 
N None 



The data of table 9 show that when injected three times the virus producing the coccidial antigen 
generated a high titer of antibodies specific against sporozoite proteins. Moreover, both treatments with this 
type of recombinant virus provided some protection against oocyst infection in temrrs of enhanced weight 
gain, reduced cecal lesion score and lowered oocyst excretion. Comparison of the results obtained with 
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unvaccinated controls shows that Oacctnation with the wild-type vaccinia virus did not confer protection. 
Therefore the protection conferred by the virus harboring the coccidial DNA was specific and not due to a 
generalized immune stimulation caused by exposure to the vaccinia virus itself. Three vaccinations were 

more effective than two. ^ . ■ ^ 

Many modifications and variations of this invention may be made without departing from its spint and 
scope as will become apparent to those skilled in the art. The specific embodiments described herein are 
Qffg^g^ by way of example only, and the invention is to be limited only by the terms of the appended 
claims. 
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Claims 

1 A protein having one or more immunoreactive and/or antigenic determinants of an Eimeria surface 
antigen which surface antigen has an apparent molecular weight of about 28. 37. 120 or greater than 200 
15 kilodaltons and specifically binds to one or more monoclonal antibodies deposited with the American Type 
Culture Collection and assigned accession Nos. HB 9707 through HB 9712. 

2. The protein of claim 1 which has the amino acid sequence shown in Fig. 15 or is a functional 

equivalent thereof. . ^. , , 

3. The protein of claim 1 which has the amino acid sequence shown m Fig, 17 or is a functional 

20 equivalent thereof. . i 

4. The protein of claim 1 which has the amino acid sequence shown in Fig. 19 or is a functional 

equivalent thereof. . ^. - , ^ 

5. The protein of claim 1 which has the amino acid sequence shown in Fig. 21 or is a functional 

equivalent thereof. 

25 6. A DNA sequence encoding a protein according to any one of claims 1 to 5. 

7. The DNA sequence of claim 6 comprising ail or part of the nucleotide sequence shown in Fig. 14. 
a The DNA sequence of claim 6 comprising all or part of the nucleotide sequence shown in Rg. 16. 

9. The DNA sequence of claim 6 comprising all or part of the nucleotide sequence shown in Rg. 18. 

10. The DNA sequence of claim 6 comprising all or part of the nucleotide sequence shown in Rg. 20. 
30 1 1 . A recombinant vector comprising a DNA sequence according to any one of claims 6 to 10. 

12. A recombinant vector according to claim 11, which recombinant vector is capable of directing 
expression of the DNA sequence in a compatible host organism. 

13. The recombinant vector of claim 11 or 12 which is a poxvirus vector. 

14. The recombinant vector of claim 11 or 12 which is an Ecoli vector, 
as 15. The recombinant vector of claim 14 which Is pEV/2-4, 

16. A host organism transformed with a recombinant vector according to any one of claims 11 to 15. 

17. A transformed host organism according to claim 16, which transformed host organism is capable of 
expressing the DNA sequence encoding a protein as defined in any one of claims 1 to 5 comprised In said 
recombinant vector. 

40 18. An antibody which Is directed against a protein as claimed in any one of claims 1 to 5. 

19. A antibody according to claim 18 which is a monoclonal antibody. 

20. A monoclonal antibody according to claim 19 selected from the group consisting of ATCC Nos. HB 
9707, HB 9708. HB 9709. HB 9710, HB 9711 and HB 9712. 

21. A protein according to any one of claims 1 to 5 for the Immunization of poultry against coccldiosis. 

22. A process for the preparation of a protein according to any one of claims 1 to 5, which process 
comprises: 

(a) culturing a host organism transformed with a recombinant vector comprising a DNA sequence 
encoding said protein under conditions in which the DNA sequence Is expressed; and 
{b) isolating the protein from the culture. 
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23. A process for tiie preparation of a transformed host organism according to claim 16 or 17, which 
process comprises transforming a host organism with a recombinant vector according to any one of claims 
11 to 15 using methods known per se. 

24. A vaccine for protecting poultry against cocci diosis comprising one or more proteins as defined in 
55 any one of claims 1 to 5 and a physiologicalty acceptable carrier. 

25. A vaccine for protecting poultry against coccldiosis comprising a recombinant poxvirus vector 
according to claim 13. 
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26. The use of a protein according to any one of claims 1 to 5 for the preparation of a vaccine capable 
of protecting poultry against coccidiosis. 

5 Claims for the following Contracting States : ES. GR. 

1. A process for the preparation of a protein having one or more immunoreactive and/or antigenic 
determinants of an Eimeria surface antigen, which process comprises: 

(a) culturing a transformed host organism containing a recombinant vector comprising a DNA 
10 sequence encoding a protein having one or more immunoreactive and/or antigenic determinants of an 
Eimeria surface antigen, which surface antigen has an apparent molecular weight of about 28, 37, 120 or 
greater than 200 ktlodaltons and specifically binds to one or more monoclonal antibodies deposited with the 
American Type Culture Collection and assigned accession Nos. HB 9707 through HB 9712, under 
conditions in which the DNA sequence or fragment Is expressed: and 
75 (b) isolating the protein from the culture. 

2. A process according to claim 1 wherein a transformed host organism containing a recombinant 
vector comprising a DNA sequence encoding a protein having the amino acid sequence shown in Rg. 15 or 
a hjnctional equivalent thereof Is used. 

20 3. A process according to claim 1 wherein a transformed host organism containing a recombinant 
vector comprising a DNA sequence encoding a protein having the amino acid sequence shown in Fig. 17 or 
a functional equivalent thereof is used. 

4. A process according to claim 1 wherein a transformed host organism containing a recombinant 
vector comprising a DNA sequence encoding a protein having the amino acid sequence shown in Rg. 19 or 

25 a functional equivalent thereof is used. 

5. A process according to claim l wherein a transformed host organism containing a recombinant 
vector comprising a DNA sequence encoding a protein having the amino acid sequence shown in Rg. 21 or 
a functional equivalent thereof is used. 

6. A process for tiie preparation of a transformed host organism capable of expressing a DNA sequence 
30 encoding a protein as defined in any one of claims 1 to 5, which process comprises transforming a host 

organism with a recombinant vector comprising said DNA in a manner known per se. 

7. A process for the preparation of antibodies directed against a protein as defined in any one of claims 
to 5, which process comprises injecting said protein in a manner known per se into an animal which is 
capable of eliciting an immune response against said protein and isolating the antibodies produced by 

35 methods known in the art 

8. A process for the preparation of a vaccine for the immunization of poultry against coccidiosis. which 
process comprises mixing a protein as defined in any one of claims 1 to 5 with a pharmaceutically 
acceptable carrier. 

9. A vaccine for the immunization of poultry against coccidiosis comprising one or more proteins as 
40 defined in any one of claims 1 to 5 and a physiologically acceptable carrier. 

10. The use of a protein as defined in any one of claims 1 to 5 for the preparation of a vaccine capable 
of protecting poultry against coccidiosis. 

11. A protein having one or more immunoreactive and/or antigenic detorminante of an Eimeria surface 
antigen, whenever prepared by a process as claimed in any one of claims 1 to 5. 

45 1 2. A transformed host organism capable of expressing a DNA sequence encoding a protein as defined 
in any one of claims 1 to 5, whenever prepared by a process as claimed in claim 6. 

13. An antibody directed against a protein as defined in any one of claims 1 to 5. whenever prepared 
by a process as claimed in claim 7. 
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Rg. I4A 



10 20 30 40 50 

GAATTCCCTC CAAOCTTCG OSACTCTCTC TOCTCGCCC CAACTmTC 

60 70 80 90 100 

CCC0GO3CCC GC;^X:ACC>C C^GOIGCAM AIX3OTGACC 

110 120 130 140 150 

TCnC?Ga3G ACITOITOGC GGOGTOTrOG G03CICTIGC TSCASCAGAT 

160 170 180 190 200 

TTGCCTGCQS ASGGCXS^GAG C3GCCCCCCGC CCOGCCCCOG GCACTGCCIG 

210 220 230 240 250 

<3ACrraCIGC TGCWSCAAAC GGCCC3GOGA3 CTCG^aXrrr 

260 270 280 290 300 

TK?IGai£5CA GCTGACTirr GTOOCSGA ;>GCT33CCTC- CTOCCTOOSG 

310 320 330 340 350 

GTGGGGGOGG ASC^GCIGGC GCGCTOCGCT GCX^yCGC5GC GGCTGCCOC- 

360 370 . 380 . 390 400 

CK3C«3CWC A3CA3C;GCT C3CTCCX5C3CT GCIGC^GCTC GAIWGd>CG 

^lO 420 430 440 450 

ACCIOSAGCA GMCCra^C GCOSGCWGC A3C3GCGCGGA GTOCCrcrTO 

_ 460 470 480 490 500 

ASacOGCA MOGSCCCr OSASG-CCCTC CTOG^QGGGG CCCGOGTTGC 

510 520 530 540 550 

A3CAAiX03G GSmGCTOC TGGTOGAM C^CCAWlfiAC AOSGTCCia: 

560 570 580 590 600 

GO^ATTCC CCACAOX^G GAGA/GCTOS OOaSCCTA C«?ITara: 

620 630 640 650 

CIGOSGGGCr A3CAG03GGG «33TTOn03 GC7AD3GGC5C 

fi'^O 680 690 700 

CCCTCCIGCr GCITA0S3CC AGCACOGCA GCCC?CC^GC TACDGC3GCGC 

710 720 730 740 750 

CCXXOGCCrC C^GCC>CCM CCCTCCGOT TCnCTOGTA GCCCTCO^ 

760 770 780 790 800 

810 820 830 840 850 

<33C0G333CG CCGCTCCJCC AAC^GC^GCA GCaSCGGOSC; 01^3033636 

960 870 880 890 900 

G?GCACTCGC A3GGAACTCC ACXS^OCOS GGASWSQCC A3GGA0GASA 
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Fig. I4B 



910 920 930 940 950 

;CCMGTCTA ICT^GCGCM ^GCMCASCA 

960 970 980 990 1000^ 

GC«3C«3C«3 aCC^Ca^SC ASCTCOGCA CaSOCOSTT GTSTCAmA-^ 

1010 1020 1030 1040 1050 

TTACGTIGGC ASCTCTG^SG CCT0C3GOGCA GCCMD30GC CTCAGC3TAIC 



1060 1070 1080 

TncASAcic imcrcTM ggtcitcxm acsgwotc 
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Fig. 16 

1 GAATTCAT5T TTAGQCGGAT TTT5TTCCAT 8CAA0AAAQC CCACCACCSG CTECAG3TSG 
61 ACTGTACGQ0 GQACAGACTT TQQAACAACA AGSCATTGCT GTGAGGGAAA CTGCTTCBTQ 
121 CAGCQAGAAC CC6TBCCCTA TCOACGCAAC 9TOCO0AGAA TGBACAQAGT ACAGT6CGTS 
181 CTCCAQAACT TGCGQASGCB GTACCCAAGA GAQGAAOAGQ QAGCCGTGGT TGGATAATGC 
241 QCAACACGQG GQGCGCACCT BCATQQAACA GTATCCTGAT SGBCCCATAT CQQTCAQOQA 
301 GTGCAACACC CAQCCGTQCC CTOT03ACOA AGTAGTTBaT BATTQGGAAa ACTSGOGGCA 
361 ATQCAQCQAA CAQT6T0GTQ GCGOCAAGCS QACTCBTAAT CDCGQCCCAA OCAAGCAAQA 
421 EGCCATBTTC 6QAQQCAAGA CAOTTOCTCA ACAGAACSCA BAGCTCCCTO AAGGCGAGAA 
lei GATTGAGGTB OTTCAQGAAO AAOBATGCAA . TOAAOTTCCA TGCGOACCTT BCACGCTCCC 
841 CTTCAOTQAQ TGGACCQAAT OCGAQTCGTB CTCCBGQCAT ASAAC'CAOGG AATCCBCAGT 
60t AQCATTTGAT TACACTOACA GAATGTBCAG TOQTSACACA CAC6AGQTAC AAAOCTaTSA 
461 QGAATACTGT TCCCAAAATG CTGGAGGOOO TSCTGQAQGA BATQGQGGCG CAOOAGGAOQ 
721 QACTQQAG6C TCTQOAGABO ABQAABGAAA 0SASGAATC6 AGTBQATTTC CAACTGCAGC 
781 TBTAQCCGQT BGCGTGBCTQ QQGGABTCCT CGCGATTBCT QCS63A0CT0 6AGCGTTTTA 
341 TQGATTGAQT oaTaQOAGCG COaCTBCTBC CACTBAAOCA QQTGCTGAAB TGATOACAOA 
901 AQCTQQTACA TCCAATQCTB CT0AG8TA0A AAA3BAQAGC CTCATCA07G CAGGTBAACA 
961 ATCAGAGATB TBGQCATCCT AAATOGAAAC GTC3CC0CCG CB90TTTC0A AftAGGTOCQB 
1021 ATCTTQCATA TCTQTGAAC3 AATTATTTAC TAACATCSAQ CTCCTTGACC TCCCQTTQGC 
1081 AAATCAT77A CCAAQCATCT CTQQCGCATA BCTTCTTGAA CAAOACAACQ 6AATBTCCAA 
1141 CTQQQGAACA GCTATATTGC BAAGTGTGGT BTTCAAACCA BAA6A0ASCA CABCBTCATB 
1201 TGTATSTTAa QGTTGGGCQC CTCCTTTCCC TTATTTATCC CATTTCCTCC QCCTTCATCT 
1261 TTCCQCCTTC TCTCTQTGCG CCGTATTTTG SGTBTTATTG BTBCCTB3CB SACA6TAAA6 
1321 ABAQATTSeC QTTATTTBCA BCQTOCGCAB BCCATOGTAG GQTT38ATAA CACTCATTGO 
1381 TBAAGCQCAA 8CCAACAGQG CCACCTTTAC CTCCTQGTBB TCAATGQGBC AGCTTGCTTC 
1441 T6ATCATT0G TTBBTTCTGT TTCAAQQGGC CBOTAATQGG CAQCAaA«,QC TTCTGCCAGC 
1301 CACCACACAA TCGAAQCAAC AAATAAQGGA GBTTCTSCTA ACAATTBTQC GTACTCATGA 
1341 TTGTAGGTAB QCTCCQTTTC GAABATBAAT BACCGQBAOC AGCCTGAATB AAftCTTGACT 
1621 CTCAAABAAQ GGAATTC 
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Fig. ISA 

10 20 30 40 50 

GAATTCCCGA CTIOaWSGGA GGCCODGGGG GCCTCCCCGC CTGCGAAGCG 

60 70 80 90 100 

GCSSCGGACG TOjCroGCSGG CCCCTTGCAGC AGC3GGAGGGC CCCCIGOSGC 

3.10 120 130 140 150 

GCTTGGGAGCA GCCB3CT3CT GGGACTGCAG CA3CAAIX:CG GCAGOCGCT 

160 170 180 190 200 

C3GPGGM0GG GW3CAGCA3C GCSCAGOGCGA GaSGCMCTG CAGCACGTGC 

210 220 230 240 250 

GCX3CACCCCC GC3C3a3CGCA5 CASCWTTCCA GGOGOGGCTA AACGCGTOSG 

260 270 280 290 300 

TGGOXSAGGG CAACAAACTC CCAGAGTCCG AGAGAAGA^G AAGGATCTTA 

310 320 330 340 ' 350 

GAACAAIAXA TGAACTIGGA AAAAGTCAAA AAGTTGAGGA AAAAACTCGA 

360 370 380 390 400 

OGAAGAAGCA GA^GCCASGG CCAAATACAT CGAACCCGGA GTOAAAAW; 

410 420 430 440 450 

AACCCCCACT GCSGGGCCCCT CAAGGCCX3AA AACCCTTTOC TCCCnTIGC 

_ 460 470 480 490 500 

CCAGASAG^G GCOGACGAGG CCTACA3GCG GTTCGGCAGG GGCGCTCCCT 

^ 510 ■ 520 530 540 ' 550 

CTGCGCSGGCC CCTCMGGAG AAGAIGCT3C A3C3CCCX3CA3 GAAGTAAAGC 

560 570 580 590 600 

W3CAGCAGCA GCyCCMCAG CAGCGGCAGC GGCAGCGGCA GGGGAGGOX 

610 620 630 640 gsn 

J^GGAGGCAGG GAGCKTTnG TTTCGAArTG TTTAGGGWSA GGGOGGftSGG 

560 670 6a0 690 700 

CTCG03GGGT GTATOTACA3 C3CG0GAAOG OGGCGGCTCA TGITIGGGTG 

«^ 710 720 730 740 750 

TTCGArrroS TCTSCAGAAA ACAOoAAGCA aattaaacig gcagaagttc 

"^70 780 790 800 

CASTTTTCCA CTTTAftAATC CCACTITIGC TCmATATT GATTAAAACT 

SIO 820 830 840 850 

AAIGCCA2GC TCCTGGCArr C^TATAAAIG CATTTCCGCG CAnTAIGTC 

^60 870 880 890 Qnn 

CMGCATG3C TOGGCGOSGG IGTCIGT^-A CCCCAAS^GC CTIGCTCCTC 
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F/g. I8B 



910 920 930 940 950 

CGCCGGOGOG AATrrATATT TATATTTCAT TTAIGTAAAT ATAAAA3CCT 

960 970 980 990 1000 

TCMAAACAC AAAIOSACAT TAATTT ATCA ^GAAAAA^GA TTAAGGAAIT C 
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Hg. 19 



10 20 
Glu Phe Pro Thr Ser Arg Glu Ala Pro Gly Ala Ser Pro Pro Ala Lys Arg Arg Arg Thr 

30 40 
Ser Leu Gly Ala Pro Ala Ala Gly Glu Gly Pro Leu Arg Arg Trp Glu Gin Pro Ala Ala 

50 60 
Gly Thr Ala Ala Ala lie Arg Gin Gin Ala Gly Gly Ala Gly Ala Ala Ala Ala Ala Arg 

70 80 
Ala Ala Ala Ala Ala Arg Ala Arg Thr Pro Gly Arg Ala Ala Ala Val Gin Ala Arg Leu 

90 100 
Asn Ala Trp Val Ala Glu Gly Asn Lys Leu Pro Glu Ser Glu Arg Arg Arg Arg Mat Leu 

no 120 
Glu Gin Tyr Mat Asn Leu Glu Lys Val Lys Lys Leu Arg Lys Lys Leu Asp Glu Glu Ala 

130 140 
Glu Ala Arg Ala Lys Tyr lie Glu Gly Gly Val Gin Lys Glu Pro Pro Leu Gly Ala Pro 

150 160 
Gin Gly Arg Lys Pro Phe Ala Ala Phe Cys Pro Glu Arg Gly Arg Arg Gly Leu Gin Ala 

170 . 180 

Val Arg Gin Gly Arg Ser Leu Cys Gly Ala Pro Gin Gly Glu Asp Ala Ala Gly Pro Gin 

190 200 
Glu Val Lys Gin Gin Gin Gin Gin Gin Gin Gin Arg Gin Arg Gin Arg Gin Gly Arg Arg 

210 220 
Arg Arg Gin Gly Gly Phe Cys Phe Glu Leu Phe Arg Glu Arg- Ala Glu Gly Ser Arg Gly 

230 240 
Val Cys Thr Ala Arg Glu Arg Gly Gly Ser Cys Leu Gly Val Gly Phe Arg Leu Gin Lys 

250 250 
Thr Arg Ser Lys Leu Asn Trp Gin Lys Phe His Phe Ser Thr Leu Lys Cys His Phe Cys 



Ser Leu Tyr 



EP 0 344 808 A1 



Fig, 20 A 



10 


20 


30 


40 


50 


GAATTCOGCC 


CCMACTCCT 


A^GCGTSGCA 


ACAITCTTGG 




60 


70 


80 


90 


100 




CTSTOGTCGT 


GACCrrCADG 




TIGGACASCA 


110 


120 


130 


140 


150 




TTTTTCX3CCA 


CT3CT3CACC 


GGCCCITGGC 


CTGGGGCTGT 


160 


170 


180 


190 


200 


ACMTO03CA 


GTCTGTCAAC 


ATGACTGKSA 


TGCCTCAACT 


OGTSGCrCTT 


210 


220 


230 


240 


250 


TTCCACfGTT 


TCX3TCGGTCT 


TGCCGCOGTA 


AIQGTTGGGT 


TOGOGAACTT 


260 


270 


280 


290 


300 


CCACrCCCCT 


GCTGGOGTGG 


AGCGCGCTTC 


CTCACTTCTA 


O^TCToTrGG 


310 


320 


330 


340 


350 


ASCjTCTAOGC 


OSGOanTTC 


GTCGCOGGTA 


TCACcrrcAc 


OGGATO^jIG 


360 


370 


380 


390 


400 


GTCGCTGCGG 


CAAAGCTCCA 


TGGATOSATG 


G^GASCOGCT 


CATIGAGGGT 


410 


420 


430 


440 


450 


TCCOGGAOSC 


CMtjOyrTGA 


ATACrccCAC 


TAITGCTGCC 


ATT3GCX?TAC 


460 


470 


480 


490 


500 


TTGGCGCTCT 


TTTTroCGTC 


TCTTCTGGCC 


ACTTTACACG 


CAIGCmGC 


510 


520 


530 


540 


550 


CTITAIGTaA 


AIGCTGGCrr 


G^GCATSTCG 




ACCIGGTCGC 


560 


570 


580 


590 


600 


CGCTAriGGT 


GGMCTGACA 


TGCCCGTOGT GATCWjCTTG 


CT3AACT0GT 


510 


620 


630 


640 


650 




GG0GTT3GCT 


CXXZWjTGGCT 


TCATCTTGGA 


CAACAACTTC 


oou 


0 /VJ 


680 


690 


700 


CTGATCATTG 


CTGGTGCTCT 


CATOGCGTCA 


TCTGGTGCCA 


TICTSTCTTA 


710 


720 


730 


740 


750 


CATCATGTGC 


AAA3GCAIGA 


ACaSGKTTCT 


GTCGAATGTC 


GTltTltSGTG 


760 


HQ 


780 


790 


800 


GCTTCGA3GA 


GGC03AGGAC 


CjITGGOGCAG 


CCA3CCCTCA 


GGGGGCTGIG 


810 


820 


830 


840 


850 


c«k:;cgcca 


CGGCTGAICA 


GGTCGCCGAC 


GAGTTGCT3G 


CIGCCOGCAA 


860 


870 


680 


890 


900 


AjTITTGATC 


GTSCCTSGAT 


ACGGAATOGC 


OCtTIGCAAGG 
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Fig. 20B 

910 920 930 940 950 

A3CTT3CPCA CA2TGCCAW3 AACTIGAIGA ACTGOGGTAT CACOGTOGAT 

960 970 980 990 1000 

TIOSGCATCC ATCCAGTTGC TGGTCGCATG CCA3GCCACA TGAACGTCCT 

1010 1020 1030 1040 1050 

CCTCGCTGAG GCTGAIGTTC CGTACAAGAT TGTCAAGGM5 AIGTCTCWG 

1060 1070 1080 1090 1100 

TCAACCOGGA AAIGPGCTCC TACGACGTCG TCCTQGTTGT T3GAGCCAAC 

1110 1120 1130 1140 1150 

GACACOGTCA AJCCTGCAGC CCTIGAGCCA GGATCAAAGA TCTCA3GAAT 

U60 1170 1180 1190 1200 

GCCOGTTATA GASGCCTGGA AftSCTMACG OGTnTTGTS CIGAWSaSGT 

1210 1220 1230 1240 1250 

CCATGGCTGC TGGATATGCC ft3CATT3AAA ATCCACTTIT CCATCT3GA3 

1260 1270 1280 1290 1300 

AACACADCCA TGCTCITOGG AAACGCAWC AACACCACTT CTGCAGTCrT 

1310 1320 1330 1340 1350 

OGCCa?rGTC AAIGCCA3A3 ccgagcaaat gccaccatct gctgcccctg 

1360 1370 1380 1390 1400 

MGACCTCGA AGCTGGACTA CnGMTTCG AIAGGGAWSA ACGTGTTGAT 

1410 1420 1430 144 0 1450 

CCCrCTTCrr QGCCATATCC CAGGATGGCT GITGGTGrrC igagagactc 

1460 1470 1430 1490 1500. 

CAAIGGCTCT GTTArGGTGC CA3TA3CTCC GAASmGTG CCCAW3CTGA 

1510 1520 1530 1540 1550 

GGA^GTTGGC ATTCajIGTC AA1GT0GK3T CTCGT3CT3G OGCOGATGOC 

1560 1570 1580 1590 1600 

GGCTTTACTG ACGAftSiCTA CK3G?GGGCT GGKjCAGW^ TCCT3TCXS3G 

1610 1620 1630 1640 1650 

CCCOGAIGCA GTCATT AACC AGTCTCAAJT CCTGCTCOGC GTTTCAGCGC 

1660 1670 1680 1690 1700 

CGTOGCCAGA TCTGGmOG CXSCATTCCTA GGGACAW3GT CCTTATCW3T 

1710 1720 1730 1740 1750 

TACCTATTCC CC^CCATCAA CCAACAftGCT CTTGACAIGC TA3CACGCCA 

1760 1770 1780 1790 1800 

AGGCGTCACC GCACTTGCTG TGGAIGWSGT TCCTCGCGTC ACAASMCA: 
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Rg, 20C 

1810 1820 1830 1840 1850 

^GA^CCTAGA OGTCW'^rrCr GCTATCCWG GTCTCCA3GG ATACOGOGCC 

I860 1870 1880 1890 1900 

GTTAICGAAG OSTTCAACGC TCTTCCGAAG CTCK3CAAAG CATCTMOG 

1910 1920 1930 ■ 1940 1950 

TGCTGCW3GC CGTCTASAAG COGCTAAAGT TTTCGTCATC GGTGCCGGTG . 

I960 1970 1980 1990 2000 

TEGCTGGACr ACW3GCAMT TCTACOGCCC ATGGTTTGGG TGCACA^GTA 

^010 2020 2030 2040 2050 

8TTGGCCA0G AIGTGCGCTC TGCAACTOGT GWjGA^CTOG AATCnGOGG 

2060 2070 2080 2090 2100 

T^SGAA^CTTC ATTSGTTTGA GAAIGGGA3A GGK3GGTGAA GTCCTCGGWS 

2110 2120 2130 . 2140 2150 

GATATOCACG CGASAIGGGT GATGCATATC AG^CAGOGCA AOGOG^GMXS 

2160 2170 2180 2190 2200 

ATIGCCAACA CAAICAW3CA CIGCGAIGTC GTCATCTGTA CCGCTGCTAT 

2210 2220 2230 2240 2250 

TCAOGGCAGA CCTTCACCAA KSCTCATATC AOSCGACATG TTCOnTCAA 

2260 ^ 2270 2280 2290 2300 

TGAAGCCT3G CTCXSTCCTC GTW3ATCTTS CAACW3AGTT CGGT3AIGTG 

2310 2320 2330 2340 2350 

OGCTCCXSGCT GGC3GTGGAAA CGTCGAGGIT T0CKXTAW3G ACX3ACCW3AT 

2360 2370 2330 2390 2400 

TCTCGTTGAX GG03TCACIG TCATIGGTOG CAGACGCATT GWSACTOGCA 

2410 2420 2430 2440 2450 

TGCCCAITCA GG03TCEGW3 CTGTTCrCCA TGAACATAIG CAACCICCTT 

2460 2470 2480 2490 2500 

GA3GATCTTG GTGGTGGCK3 CAACITCOGC ATCAACATGG AOGAOGAAGT 

2510 2520 2530 2540 2550 

CAICW3MGA TTGGTCGCWs TCTACCA«3G TOGCAAOTrG TGGC?GCCAT 

2560 2570 2580 2590 2600 

03CAGCCCAC TCCTGTTTCC AGCSACACCTC OGCXWGGCCA GATOCCGCCC 

2610 2620 2630 2640 2650 

CCGTCTGCAC CTGGTGCACC W3CTCCPSAG AAGCCTGGTG CCTTTGCTCA 

2660 2670 2680 2690 2700 

AGCACnGCT TCGGAIGCAT TCTTCGCAAT GTGTCTTOTT GTT3CTGCCG 
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Fig. 20D 



2710 


2720 


2730 


2740 2750 




GCrCCTTGGC 


AITCTCCTTG 


ACCCTGTQGA GCTCAAGCAT 


2760 


2770 


2780 


2790 2800 


TIGACTCTCC 


TOGGCTIGTC 


TCTCATOGTC 


GC3CTACTACT GaJTETOSGC 


2810 


2820 


2830 


2840 2850 


03TTACGCCT 


TOCjCTTCACA 


CACCATIGAT 


GTCTGTGACG AAIGCCCTTT 


2860 


2870 


2880 


2890 2900 


OGGGAjTCAT 


TCTCATOGGC 


TGCATOCTCG 


AGTACGGAAC CX3CCATGAIA 


2910 


2920 


2930 


2940 2950 


TCCGGATTCA 




ACTCATIGGA 


ACCTTCTTSG CITCOGTCAA 


2960 


2970 


2980 


2990 3000 


OSTTGCTOGT 


GGATTCTTOG 


TAACTCACOG 


CAIGCT3AAG AICTTTCAGA 


3010 


3020 


3030 


3040 3050 


TAIAWGGGA 


GAACCCCCTT 


GMTTAATCT 


TAACTCAGAA TAACTCTnT 


3060 


3070 


3080 


3090 


TCAATTGXftI 


AAACCTGTAC 


'lUjTiXJCAAA 


AAAAAAAGGA ATO 
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Fig. 21 A 



10 20 
Pro Gin Thr Ala Lys Arg Gly Asn lie Leu Gly Leu Val Gly hiet Val Ala Ala Val Val 

30 40 
Val Thr Phe Ihr Glu Ala Gly Phe Gly Gin His Tyr Leu Leu Phe Phe Ala Ttir Ala Ala 

50 60 
Pro Ala Leu Gly Leu Gly Leu Tyr lie Ala Gin Ser Val Asn htet Thr Glu >tet Pro Gin 

70 80 
Leu va Ala Leu Phe His Ser Phe Val Gly Leu Ala Ala Val tet Val Gly Phe Ala Asn 

90 100 
Phe His Ser Pro Ala Gly Val Glu Arg Ala Ser Ser Leu Leu Arg Leu Leu Glu Val Tyr 

110 120 
Ala Gly Val Phe Val Ala Gly He Thr Phe Thr Gly Ser Val Val Ala Ala Ala Lys Leu 

130 140 
His Gly Ser Met Glu Ser Arg Ser Leu Arg Val Pro Gly Arg His Ala Leu Asn Thr Ala 

150 160 
Thr lie Ala Ala lie Gly Val Leu Gly Ala Leu Phe Cys Val Sar Ser Gly His Phe Thr 

170 180 
Arg Met Leu Cys Leu Tyr Val Asn Ala Gly Leu Ser Wet Trp Leu Gly Phe His Leu Val 

190 200 
Ala Ala He Gly Gly Ala Asp Met Pro Val Val Ha Ser Leu Leu Asn . Ser Tyr Ser Gly 

210 220 
Val Ala Leu Ala Ala Ser Gly Phe Met Leu Asp Asn Asn Leu Leu He lie Ala Gly Ala 

230 240 
Leu He Ala Ser Ser Gly Ala He Leu Ser Tyr He >tet Cys Lys Gly htet Asn Arg Ser 

250 260 
Leu Trp Asn Val Val Leu Gly Gly Phe Glu Glu Ala Glu Asp Val Gly Ala Ala Ser Pro 

270 280 
Gin Gly Ala Val Gin Gin Ala Thr Ala Asp Gin Val Ala Asp Glu Leu Leu Ala Ala Arg 

290 300 
Lys Val Leu He Val Pro Gly Tyr Gly Met Ala va Ala Arg Cys Gin Ser Glu Leu Ala 

310 320 
Asp He Ala Lys Asn Leu Met Asn Cys Gly He Thr Val Asp Phe Gly He His Pro Val 

330 340 
Ala Gly Arg Met Pro Gly His Met Asn Val Leu Leu Ala Glu Ala Asp Val Pro Tyr Lys 
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Fig. 21 B 



350 360 
lie Val Lys Glu Met Ser Glu Val Asn Pro Glu Met Ser Ser Tyr Asp Val Vai Leu Val 

370 380 
Val Gly Ala Asn Asp Thr Val Asn Pro Ala Ala Leu Glu Pro Gly Ser Lys He Ser Gly 

390 400 
Met Prxj Val lie Glu Ala Trp Lys Ala Arg Arg Val Phe Val Leu Lys Arg Ser Met Ala 

410 420 
Ala Gly Tyr Ala Ser He Glu Asn Pro Leu Phe His Leu Glu Asn Thr Arg Met Leu Phe 

430 440 
Gly Asn Ala Lys Asn Thr Thr Ser Ala Val Phe Ala Arg Val Asn Ala Arg Ala Glu Gin 

450 460 
Mat Pro Pro Ser Ala Ala Arg Asp Asp Leu Glu Ala Gly Leu Leu Glu Phe Asp Arg Glu 

470 480 
Glu Arg Val Asp Pro Ser Ser Trp Pro Tyr Pro Arg Met Ala Val Gly Val Leu Arg Asp 

490 500 
Ser Asn Gly Ser Val Met Val Pro Val Ala Pro Lys Phe Val Pro Lys Leu Arg Lys Leu 

510 520 
Ala Phe Arg Val Asn Val Glu Ser Gly Ala Gly Ala Asp Ala Gly Phe "Rir Asp Glu Glu 

530 540 
Tyr Arg Arg Ala Gly Ala Glu Val Leu Ser Gly Pro Asp Ala Val He Asn Gin Ser Gin 

550 560 
Val Leu Leu Arg Val Ser Ala Pro. Ser Pro Asp Leu Val Ser Arg He Pro Arg Asp Lys 

570 580 
■ Val Leu He Ser Tyr Leu Phe Pro Ser He Asn Gin Gin Ala Leu Asp Met Leu Ala Arg 

590 600 
Gin Gly Val Thr Ala Leu Ala Val Asp Glu Val Pro Arg Val "nir Arg Ala Gin Lys Leu 

610 620 
Asp Val Lys Ser Ala Met Gin Gly Leu Gin Gly Tyr Arg Ala Val He Glu Ala Phe Asn 

630 640 
Ala Leu Pro Lys Leu Ser Lys Ala Ser He Ser Ala Ala Gly Arg Val Glu Ala Ala Lys 

650 660 
Val Phe Val He Gly Ala Gly Val Ala Gly Leu Gin Ala He Ser Thr Ala His Gly Leu 

670 680 
Gly Ala Gin Val ??? Gly His Asp Val Arg Ser Ala Thr Arg Glu Glu Val Glu Ser Cys 

690 700 
Gly Gly Lys Phe lie Gly Leu Arg Met Gly Glu Glu Gly Glu Val Leu Gly Gly Tyr Ala 
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Fig. 21 C 



710 720 
Ar? GLu >tet Gly Asp Ala T/r Gin Arg Ala Gin Arg Glu M3t He Ala Asn Thr He Lys 

730 740* 
His Cys Asp Val Val He Cys Thr Ala Ala He His Gly Arg Pro Ser Pro Lys Leu He 

750 760 
Ser Arg Asp Met Leu Arg Ser Met Lys Pro Gly Ser Val Val Val Asp Leu Ala Thr Glu 

770 780 
Phe Gly Asp Val Arg Ser Gly Trp Gly Gly Asn Val Glu Val Ser Pro Lys Asp Asp Gin 

790 800 
He Val Val Asp Gly Val Thr Val He Gly Arg Arg Arg He Glu Thr Arg Met Pro He 

810 820 
Gin Ala Ser Glu Leu Phe Ser Met Asn He Cys Asn Leu Leu Glu Asp Leu Gly Gly Gly 

830 840 
Ser Asn Phe Arg He Asn Met Asp Asp Glu Val He Arg Gly Leu Val Ala Val Tyr Gin 

850 • 860 

Gly Arg Asn Val Trp Gin Pro Ser Gin Pro Thr Pro Val Ser Arg Thr Pro Pro Arg Gly 

870 . 880 

Gin Met Pro Pro Pro Ser Ala Pro Gly Ala Pro Ala Pro Glu Lys Pro Gly Ala Phe Ala 

890 900 
Gin Ala Leu Ala Ser Asp Ala Phe Phe Ala Met Cys Leu Val Val Ala Ala Ala Val Val 

910 920 
Gly Leu Leu Gly He Val Leu Asp Pro Val Glu Leu Lys His Leu Thr Leu Leu Gly Leu 

930 940 
Ser Leu He Val Gly Tyr Tyr Cys Val Trp Ala Val Thr Pro Ser Leu His Thr Pro Leu 

950 960 
Met Ser Val Thr Asn Ala Leu Ser Gly Val He Val He Gly Cys Met Leu Glu Tyr Gly 

970 980 
Thr Ala Met He Ser Gly Phe Thr Leu Leu Ala Leu He Gly Thr Phe Leu Ala Ser Val 

990 998 
Asn Val Ala Gly Gly Phe Phe Val Thr His Arg htet Leu Lys >tet Phe Gin He 
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Fig. 25 



5 10 " 

Met Arg Ttp Glu Phe Pro Tht Set Arg Glu Ala Pro Gly Ala Ser 



B 

5 

Met Lys lie He Phe 
Asn Thr Gin Cys :Val 
Lys Leu Glu Ala Ser 
Ser Arg Glu Phe Pro 



10 

Phe Leu Cys Ser Phe 
Thr His Glu Ser Tyr 
Ser Arg Gly Thr Ala 
Thr Ser Arg Glu Ala 



15 

Leu Phe Phe He He 
Gin Glu Leu Val Lys 
Cys Asp He Glu Leu 
Pro Gly Ala Ser . . . 
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